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SINGLEMOLECULEDETECTIONSYSTEMUSINGPHOTOBLEACTCHNG 

INFORMATION 
CROSS-REFERENCETORELATEDAPPLICATIONS 

[0001] Thisapplicationclaimsthebenefitunder35U.SinC.§119(e)ofU.S. Provisional 

PatentApplicationSerialNo.63/106,325titled"SINGLE-MOLECULEDETECTION 

SYSTEMUSINGPHOTOBLEACHINGINFORMATION"filedonOctober27,2020under 

AttorneyDocketNo.R0708.70114U500,U.S.ProvisionalPatentApplicationSerialNo.  

63/165,798titled"SINGLE-MOLECULEDETECTIONSYSTEMCALIBRATIONUSING 

PHOTOBLEACHINGINFORMATION"filedonMarch25,2021underAttorneyDocketNo.  

R0708.70114U501,andU.S.ProvisionalApplicationSerialNo.63/252,906titled"SYSTEMS 

ANDMETHODSFORDETERMININGQUANTITATIVELOADINGOFAN 

INTEGRATEDDEVICE"filedonOctober6,2021underAttorneyDocketNo.  

R0708.70114U502,eachofwhichisherebyincorporatedbyreferenceintheirentiretiesherein.  

FIELDOFTHEDISCLOSURE 

[0002] Thepresentdisclosurerelatestointegrateddevicesandrelatedinstrumentsthat 

canperformmassively-parallelanalysesofsamplesbyprovidingshortopticalpulsestotensof 

thousandsofreactionchambersormoresimultaneouslyandreceivingfluorescentsignalsfrom 

thereactionchambersforsampleanalyses.Theinstrumentsmaybeusefulforpoint-of-care 

geneticsequencingandforpersonalizedmedicine.  

BACKGROUND 
S 

photodetectorshavebeendevelopedthatproduceanelectricalsignalindicativeoftheintensity 

ofincidentlight.Integratedphotodetectorsforimagingapplicationsincludeanarrayofpixelsto 

detecttheintensityoflightreceivedfromacrossascene.Examplesofintegratedphotodetectors 

includechargecoupleddevices(CCDs)andComplementaryMetalOxideSemiconductor 

(CMOS)imagesensors.  

[0004] Instrumentsthatarecapableofmassively-parallelanalysesofbiologicalor 

chemicalsamplesaretypicallylimitedtolaboratorysettingsbecauseofseveralfactorsthatcan 

includetheirlargesizelackofportabilityrequirementofaskilledtechniciantooperatethe 

instrumentpowerneedneedforacontrolledoperatingenvironmentandcost.Whenasample 

istobeanalyzedusingsuchequipmentacommonparadigmistoextractasampleatapointof 

careorinthefieldsendthesampletothelabandwaitforresultsoftheanalysis.Thewaittime 

forresultscanrangefromhourstodays.  
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[0003] Photodetectorsareusedtodetectlightinavarietyofapplications.Integrated
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SUMMARYOFTHEDISCLOSURE 

[0005] Someaspectsofthepresentdisclosurerelatetoamethodforcalibratingasystem 

comprisinganintegrateddevicethemethodcomprising:excitingwithlightfromatleastone 

excitationsourceareferencedyemoleculedisposedinachamberoftheintegrateddevice 

obtainingasignalemittedbythereferencedyemoleculethesignalcontaininginformation 

representativeofableachingtimeofthereferencedyemoleculeandadjustingoneormore 

characteristicsofthesystembasedonthebleachingtimeofthereferencedyemolecule.  

[0006] Someaspectsofthepresentdisclosurerelatetoanintegrateddevicecomprising: 

atleastonechamberforreceivingareferencedyemoleculeatleastonephotodetectionregion 

forreceivingasignalemittedbythereferencedyemoleculewhenexcitedbylightfromatleast 

oneexcitationsourcethesignalcontaininginformationrepresentativeofableachingtimeofthe 

referencedyemoleculeandatleastonecontrollerconfiguredtocontroladjustingofoneor 

morecharacteristicsofasystemcomprisingtheintegrateddevicebasedonthebleachingtimeof 

thereferencedyemolecule.  

[0007] Someaspectsofthepresentdisclosurerelatetoamethodofmanufacturingan 

integrateddevicecomprising:providingachamberonasubstrateoftheintegrateddevicethe 

chamberbeingconfiguredforreceivingareferencedyemoleculeandpositionedonthesubstrate 

suchthatthereferencedyemoleculereceiveslightfromatleastonelightsource~providinga 

photodetectionregionpositionedadjacenttothechambersuchthatthephotodetectionregion 

receivesasignalemittedbythereferencedyemoleculewhenthelightfromtheatleastonelight 

photodetectionregionsothattheatleastonecontrollerreceivesinformationcontainedbythe 

signalemittedbythereferencedyemoleculetheinformationbeingrepresentativeofa 

bleachingtimeofthereferencedyemolecule.  

[0008] Someaspectsofthepresentdisclosurerelatetoamethodfordetermininga 

measureofquantitativeloadingofasampleinanintegrateddevicethemethodcomprising 

excitingwithexcitationlightfromatleastoneexcitationsourceoneormorereferencedye 

moleculesthatduringtheexcitingwiththeexcitationlightareattachedtorespective 

biomoleculesofthesampleboundtoasurfaceofachamberofoneormorechambersofthe 

integrateddeviceobtainingasignalemittedbytheoneormorereferencedyemoleculesin 

responsetotheexcitationlightanddeterminingbasedonthesignalemittedbytheoneormore 

referencedyemoleculesthemeasureofquantitativeloadingofthesample.  

[0009] Someaspectsofthepresentdisclosurerelatetoanintegrateddeviceconfigured 

todetermineameasureofquantitativeloadingofasampletheintegrateddevicecomprising:at 

2 

sourceisdeliveredtothereferencedyemolecule;andcouplingatleastonecontrollertothe
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leastonechamberforreceivingoneormorereferencedyemoleculesthatduringexcitationof 

theoneormorereferencedyemoleculeswithexcitationlightdeliveredfromatleastone 

excitationsourceareattachedtorespectivebiomoleculesofthesampletherespective 

biomoleculesbeingboundtoasurfaceoftheatleastonechamberatleastonephotodetection 

regionforreceivingasignalemittedbytheoneormorereferencedyemoleculesinresponseto 

theexcitationlightfromtheatleastoneexcitationsourceandatleastonecontrollerconfigured 

todeterminebasedonthesignalemittedbytheoneormorereferencedyemoleculesthe 

measureofquantitativeloadingofthesample.  

[0010] Someaspectsofthepresentdisclosurerelatetoamethodfordetermininga 

measureofquantitativeloadingofasampleinanintegrateddevicethemethodcomprising: 

excitingwithlightfromatleastoneexcitationsourceoneormorereferencedyemoleculesthe 

oneormorereferencedyemoleculesbeingattachedtorespectivesecondarybiomoleculeswhich 

reversiblybindstorespectivebiomoleculesofthesampletherespectivebiomoleculesbeing 

boundtoasurfaceofachamberofapluralityofchambersoftheintegrateddeviceobtaininga 

signalemittedbytheoneormorereferencedyemoleculesinresponsetotheexcitationlight 

determiningapulsingpatternoftheoneormorereferencedyemoleculesanddeterminingthe 

measureofquantitativeloadingofthesamplebasedonthepulsingpatternoftheoneormore 

referencedyemolecules.  

BRIEFDESCRIPTIONOFDRAWINGS 

[0011] Thefeaturesandadvantagesofthepresentdisclosurewillbecomemoreapparent 

Whendescribingembodimentsinreferencetothedrawingsdirectionalreferences("above 

"below,""top,""bottom" "left" "right,""horizontal,""vertical" etc.)maybeused.Such 

referencesareintendedmerelyasanaidtothereaderviewingthedrawingsinanormal 

orientation.Thesedirectionalreferencesarenotintendedtodescribeapreferredoronly 

orientationoffeaturesofanembodieddevice.Adevicemaybeembodiedusingother 

orientations.  

[0012] FIG.1- 1Aisablockdiagramofanintegrateddeviceandaninstrument, 

accordingtosomeembodiments.  

[0013] FIG.1- 1Bisaschematicofanintegrateddeviceaccordingtosome 

embodiments.  

[0014] FIG.1-iCisaschematicofapixelofanintegrateddeviceaccordingtosome 

embodiments.  

3 

fromthedetaileddescriptionsetforthbelowwhentakeninconjunctionwiththedrawings.
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[0015] FIG.1-iDisacircuitdiagramofthepixelofFIG.1-iCaccordingtosome 

embodiments.  

[0016] FIG.1-lBisatopviewofthepixelofFIG.1-iCaccordingtosome 

embodiments.  

[0017] FIG.1-iFisaplanviewofthepixelofFIGS.1-iCand1-iDaccordingtosome 

embodiments.  

[0018] FIG.1- 1Gisaschematicofanalternativepixelofanintegrateddevice 

accordingtosomeembodiments.  

[0019] FIG.1- 1HisacircuitdiagramofthepixelofFIG.1- 1Gaccordingtosome 

embodiments.  

[0020] FIG.1-lIisaplanviewofthepixelofFIGS.1-iCand1-iDaccordingtosome 

embodiments.  

[0021] FIG.2illustratesanexampleprocessforcalibratingasystemcomprisingan 

integrateddeviceusingphotobleachinginformationaccordingtosomeembodiments.  

[0022] FIG.3-1illustratesadye-labeledsampleattachedtoasurfaceaccordingtosome 

embodiments.  

[0023] FIG.3-2illustratesadye-labeledsampleattachedinareactionchamber 

accordingtosomeembodiments.  

[0024] FIG.4illustratesanexamplegraphillustratinglightsourceexcitationpowerover 

timeaccordingtosomeembodiments.  

[0025] FIG.5-1illustratesanexamplegraphillustratingmeasuredsignalfroma 

[0026] FIG.5-2illustratesexamplehistogramsofmeasuredbleachingtimeanddye 

intensityforacollectionofsinglemoleculesinreactionchambersaccordingtosome 

embodiments.  

[0027] FIG.6illustratesasequencingreactioninareactionchamberaccordingtosome 

embodiments.  

[0028] FIG.7illustratesanexampleprocessforquantifyingloadingofoneormore 

reactionchambersaccordingtosomeembodiments.  

[0029] FIG.8-1illustratesanexampletracefromachiploadingprocessthatrepresentsa 

singleloadedwellaccordingtosomeembodiments.  

[0030] FIG.8-2illustratesanexampletracefromachiploadingprocessthatrepresentsa 

doubleloadedwellaccordingtosomeembodiments.  

4 

referencedyeovertimeaccordingtosomeembodiments.
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[0031] FIG.8-3illustratesanexampletracefromachiploadingprocessthatrepresentsa 

multi-loadedwellaccordingtosomeembodiments.  

[0032] FIG.9illustratesaperiodicpulsingpatternoffluorescentmoleculesreversibly 

boundtoabiomoleculeaccordingtosomeembodiments.  

[0033] FIG.10illustratesanexampleheatmapofreactionchambersillustratingpercent 

loadingaccordingtosomeembodiments.  

DETAILEDDESCRIPTION 

[0034] I Introduction 

[0035] Aspectsofthepresentdisclosurerelatetotechniquesforcalibratingasystem 

comprisinganintegrateddevice.Accordingtosomeembodimentsthecalibrationtechniques 

usephotobleachinginformationtocalibrateaspectsoftheintegrateddeviceand/orcomponents 

thatinteractwiththeintegrateddevice(e.g.,laserpowerchipconfigurationetc.).  

[0036] Instrumentsperforminganalysesofbiologicalorchemicalsamplesbyfluorescent 

emissionmaybesusceptibletophotodamage.Forexamplealightsourcedeliveringexcitation 

lighttoreactionchambersoftheintegrateddevicemayprovideexcitationlightwhichistoo 

powerfulforperformingsignalcollectionandanalysiswiththeintegrateddevice.  

Photobleachingofadyeoccurswhenthedyeisphotochemicallyaltered(e.g.,afterbeing 

exposedtohighpowerlaserlightforaperiodoftime)suchthatitisnolongerabletofluoresce.  

Highpowerexcitationlightmaycausefluorescentmoleculesinreactionchambersofthe 

integrateddevicetobleachmorequicklywhichmayreducetheamountofusefulinformation 

thatcalibrationtechniquesappliedtoanintegrateddevicemaypreventphotodamagefrom 

otherwiseoccurring.  

[0037] Forexampletheinventorshaverecognizedthatbleachinginformation(e.g., 

bleachingtimeofareferencemolecule)maybeusedtocalibrateasystemcomprisingthe 

integrateddevicetopreventthephotodamagedescribedherein.Forexampleinsome 

embodimentsacalibrationprocessmaybeperformedpriortoperforminganysamplingand 

analysiswiththeintegrateddevice.Thecalibrationprocessmaycollectbleachinginformation 

aboutareferencedyesloadedintothereactionchambersbyilluminatingthereactionchambers 

withexcitationlight.Thebleachinginformationmaybeusedtodetermineareferenceexcitation 

intensityformoleculesineachreactionchamberwhichmaybeusedtodeterminewhetherto 

adjustaspectsoftheintegrateddeviceand/orcomponentthatinteractwiththeintegrateddevice 

includinglaserpowerand/orchipconfiguration.  

5 

thatcanbeobtainedfromemissionsofthefluorescentmolecules.Theinventorshaverecognized
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[0038] Theinventorshavefurtherrecognizedthatdifferencesbetweenthereaction 

chambersofanintegrateddevicemayresultinfactorsincludingexcitationintensitytovary 

betweenthedifferentreactionchambersoftheintegrateddevice.Thusinsomeembodimentsa 

samereferencedyeisloadedintoeachofthereactionchambersoftheintegrateddeviceand 

differencesinexcitationintensitybetweenthereactionchambersmaybeevaluated.Adjustments 

maybemadetotheintegrateddeviceforexampletothepowerofalightsourcedelivering 

excitationlighttothereactionchambersbasedonthedetermineddifferencesinexcitation 

intensitybetweenthereactionchambertoensurethatnoreactionchamberreceivesexcitation 

lightthatcouldcausephotodamagetotheintegrateddevice.  

[0039] Accordinglysomeaspectsrelatetoamethodforcalibratingasystemcomprising 

anintegrateddevicethemethodcomprising:excitingwithlightfromatleastoneexcitation 

source(e.g.,alaser),areferencedyemoleculedisposedinachamberoftheintegrateddevice 

obtainingasignalemittedbythereferencedyemoleculethesignalcontaininginformation 

representativeofableachingtimeofthereferencedyemoleculeandadjustingoneormore 

characteristics(e.g.,apoweroftheatleastoneexcitationsource)ofthesystembasedonthe 

bleachingtimeofthereferencedyemolecule.  

[0040] Insomeembodimentstheadjustingcomprisesdecreasingthepoweroftheat 

leastoneexcitationsourcewhenthebleachingtimeofthereferencedyemoleculeislessthana 

thresholdtime.Insomeembodimentsexcitingthereferencedyemoleculecomprisesdelivering 

lighttothechamberoftheintegrateddeviceatleastuntilthereferencedyemoleculeundergoes 

photobleaching.  

timeofthereferencedyemoleculebasedonthesignalemittedbythereferencedyemolecule 

forexamplebydeterminingadurationinwhichanintensityofthesignalemittedbythe 

referencedyemoleculeexceedsathresholdintensity.  

[0042] Insomeembodimentsthemethodfurthercomprisessubsequenttoadjustingthe 

oneormorecharacteristicsoftheintegrateddeviceoperatingtheintegrateddevicetoobtaina 

signalemittedbyasampledisposedinthechamberoftheintegrateddevicewhereinthesignal 

emittedbythesamplecomprisesinformationrepresentativeofatleastonecharacteristic(e.g., 

signalintensityfluorescencewavelengthfluorescencelifetimepulsedurationand/orinterpulse 

duration)ofthesample.Insomeembodimentsoperatingtheintegrateddevicecomprises 

excitingwithlightfromtheatleastoneexcitationsourcethesamplesuchthatthesampleemits 

atleastonephotowandcollectingtheatleastonephotonemittedbythesamplewitha 

photodetectionregionoftheintegrateddevice.  

6 

[0041] Insomeembodimentsthemethodfurthercomprisingdeterminingthebleaching
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[0043] Insomeembodimentsthemethodfurthercomprisesidentifyingthesamplebased 
S 

ontheatleastonecharactensticofthesample.Insomeembodimentsthesamplecomprisesa 

polypeptide(e.g.,aproteinand/oranucleicacidstrandsuchasdeoxyribonucleicacidand/or 

ribonucleicacid).Identifyingthesamplecomprisesmaycompriseidentifyingoneormore 

aminoacidsofthesample(e.g.,atleast5aminoacidsnomorethan50aminoacidsnomore 

thanaportionofthepolypeptide)basedatleastinpartontheinformationrepresentativeofthe 

atleastonecharacteristicofthesampleandidentifyingthepolypeptidebasedatleastinparton 

theoneormoreaminoacids.Insomeembodimentsidentifyingthesamplecomprises 

identifyingoneormorenucleotidesoftheDNAand/orRNAstrandbasedatleastinpartonthe 

informationrepresentativeoftheatleastonecharacteristicofthesample.  

[0044] Insomeembodimentsthereferencedyemoleculecomprisesafluorescent 

moleculeimmobilizedinthechamberoftheintegrateddevice.  

[0045] Insomeembodimentsthechambercomprisesapluralityofchambers~the 

referencedyemoleculecomprisesapluralityofreferencedyemoleculesdisposedinrespective 

onesofthepluralityofchambersandobtainingasignalemittedbythereferencedyemolecule 

comprisesobtainingapluralityofsignalsemittedbythepluralityofreferencedyemolecules 

andadjustingtheoneormorecharacteristicsoftheintegrateddeviceisbasedoninformation 

representativeofbleachingtimesofthepluralityofreferencedyemolecules.Insome 

embodimentsthepluralityofreferencedyemoleculescomprisesasamemolecule.  

[0046] Someaspectsofthepresentdisclosurerelatetoanintegrateddevicecomprising: 

atleastonechamberforreceivingareferencedyemoleculeatleastonephotodetectionregion 

oneexcitationsourcethesignalcontaininginformationrepresentativeofableachingtimeofthe 

referencedyemoleculeandatleastonecontrollerconfiguredtocontroladjustingofoneor 

morecharacteristicsofasystemcomprisingtheintegrateddevicebasedonthebleachingtimeof 

thereferencedyemolecule.Insomeembodimentstheatleastonecontrolleroftheintegrated 

deviceisconfiguredtoperformatleastinpartthemethodsdescribedherein.  

[0047] Someaspectsofthepresentdisclosurerelatetoamethodofmanufacturingan 

integrateddevicecomprising:providingachamberonasubstrateoftheintegrateddevicethe 

chamberbeingconfiguredforreceivingareferencedyemoleculeandpositionedonthesubstrate 

suchthatthereferencedyemoleculereceiveslightfromatleastonelightsource~providinga 

photodetectionregionpositionedadjacenttothechambersuchthatthephotodetectionregion 

receivesasignalemittedbythereferencedyemoleculewhenthelightfromtheatleastonelight 

sourceisdeliveredtothereferencedyemolecule~andcouplingatleastonecontrollertothe 

7 

forreceivingasignalemittedbythereferencedyemoleculewhenexcitedbylightfromatleast
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photodetectionregionsothattheatleastonecontrollerreceivesinformationcontainedbythe 

signalemittedbythereferencedyemoleculetheinformationbeingrepresentativeofa 

bleachingtimeofthereferencedyemolecule.  

[0048] Furtheraspectsofthepresentdisclosurefurtherrelatetotechniquesfor 

determiningameasureofquantitativeloadingofanintegrateddevice.Forexamplean 
S 

integrateddevicemaycompriseapluralityofreactionchambersasdescribedherein.Asample 

processedbytheintegrateddevicemaycompriseapluralityofbiomolecules(e.g.,peptides 

nucleicacids). Whenloadedeachreactionchambermaycontaineithernobiomolecules 

(empty),asinglebiomolecule(singlyloaded),twobiomolecules(doublyloaded),ormorethan 

twobiomolecules(multi-loaded).  

[0049] Theinventorshaverecognizedthatitwouldbeadvantageoustoobtainameasure 

ofhowthereactionchambersareloaded.Inparticularthemeasuremayindicatewhethera 

particularreactionchamberisemptysinglyloadeddoublyloadedormulti-loaded.Insome 

embodimentsthemeasuremayindicateapercentageloadedoftheentireintegrateddevice.  

[0050] Thequantitativeloadinginformationmaybedeterminedbasedonsignalsemitted 

fromoneormorereferencedyemoleculesinresponsetoexcitationlightdeliveredfromatleast 

oneexcitationsource.Forexampleinsomeembodimentsarespectivereferencedyemolecule 

maybeattachedtoeachrespectivebiomoleculepresentinareactionchamber.Bydetermininga 

numberofreferencedyemoleculespresentinareactionchamberanumberofbiomolecules 

presentinthereactionchambermaybeinferred.  

[0051] Insomeembodimentsthereferencedyemoleculemaybephotobleachedanda 

moleculespresentinareactionchamber.Insomeembodimentsthereferencedyemoleculemay 

beexcitedbyexcitationlightwithoutphotobleachingandtherelativeintensityofsignals 

obtainedfromthereactionchambermaybeusedtodeterminethenumberofreferencedye 

moleculespresentinareactionchamber.Insomeembodimentsthereferencedyemoleculemay 

beboundtoasecondarybiomolecule(e.g.,anoligonucleotideanN-temiinalaminoacid 

recognizer).Thesecondarybiomoleculemaybeboundtothebiomolecule.Insome 

embodimentsthesecondarybiomoleculemayreversiblybindtoabiomolecule.Thereference 

dyemoleculemayemitasignalonlywhenthereferencedyemoleculeisboundtothe 

biomolecule(e.g.,viathesecondarybiomolecule)andexcitedbyexcitationlight.A 

characteristicpulsepatternofthereferencedyemoleculemaybeusedtodeterminethenumber 

ofreferencedyemoleculespresentinareactionchamber.  

8 

numberofphotobleachingstepsmaybeusedtodeterminethenumberofreferencedye
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[0052] Suchinformationmaybeusedtooptimizeuseoftheintegrateddevice.For 

exampleinsomeembodimentsthequantitativeloadinginformationmaybeusedduringthe 

loadingprocess(e.g.,tocontinuouslymonitorloadingoftheintegrateddevice).Insome 

embodimentsthequantitativeloadinginformationmaybeusedtodeterminewhetherto 

continueloadingtheintegrateddevicewithadditionalsample(e.g.,whenitisdeterminedthata 

largenumberofwellsremainempty).Insomeembodimentsthequantitativeloading 

informationmaybeusedtoadjusthowloadingisperformed(e.g.,adjustingaconcentrationof 

biomoleculesinthesamplebeingloaded).  

[0053] Insomeembodimentsthequantitativeloadinginformationmaybeusedto 

optimizeuseoftheintegrateddeviceaftercompletingtheloadingstep.Forexamplethe 

quantitativeloadinginformationmaybeusedwhenperformingfutureloadingsoftheintegrated 

device.Insomeembodimentsthequantitativeloadinginformationmaybeusedto S 

whichreactionchamberstoprocesssignalsfrom.  

[0054] Accordinglytheinventorshavedevelopedtechniquesfordeterminingameasure 

ofquantitativeloadingofasampleloadedontoanintegrateddevice.Someaspectsofthepresent 

disclosurerelatetoamethodfordeterminingameasureofquantitativeloadingofasampleinan 

integrateddevice(e.g.,anumberofbiomoleculespresentinasinglechamberoftheoneormore 

chambersapercentageoftheoneormorechamberscontainingasinglebiomoleculeofthe 

sample),themethodcomprising:excitingwithlightfromatleastoneexcitationsourceoneor 

morereferencedyemoleculesthatduringtheexcitingwiththeexcitationlightareattachedto 

(e.g.,covalentlynon-covalently)respectivebiomoleculesofthesample(e.g.,apeptidea 

obtainingasignalemittedbytheoneormorereferencedyemoleculesinresponsetothe 

excitationlight(e.g.,asignalexpressinganintensityoflightemittedbytheoneormore 

referencedyemoleculesoveraperiodoftime)~anddeterminingbasedonthesignalemittedby 

theoneormorereferencedyemoleculesthemeasureofquantitativeloadingofthesample.  

[0055] Insomeembodimentsatleastsomeoftheoneormorereferencedyemolecules 

areattachedtoarespectivelinkertowhichtherespectivebiomoleculeisboundwhereinthe 

respectivelinkerisboundtoabaseofthechamber.  

[0056] Insomeembodimentsexcitingtheoneormorereferencedyemolecules 

compnsesphotobleachingtheoneormorereferencedyemolecules.Themethodmayfurther 

comprisedetermininganumberofphotobleachingstepsinthesignalemittedbytheoneormore 

referencedyemoleculesanddetermininganumberofbiomoleculesthatareboundtothesurface 

ofthechamberbasedonthenumberofphotobleachingsteps.  

9 

nucleicacid)boundtoasurfaceofachamberofoneormorechambersoftheintegrateddevice
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[0057] Insomeembodimentsthemethodfurthercomprisesoptimizingoperationofthe 

integrateddevicebasedonthemeasureofquantitativeloading.Forexampleoptimizing 

operationoftheintegrateddevicebasedonthemeasureofquantitativeloadingmaycomprise 

adjustinghowloadingofthesampleontotheintegrateddeviceisperformed(e.g.,byadjustinga 

concentrationofbiomoleculesinthesample).Insomeembodiments, adjustinghowloadingof 

thesampleisperformedcomprisesadjustinghowloadingofthesampleisperformedto 

maximizeanumberoftheoneormorechambersthatcontainasinglebiomoleculeboundtoa 

surfacethereof.Insomeembodimentsoptimizingoperationoftheintegrateddevicebasedon 

themeasureofquantitativeloadingcomprisesexcludingsignalsfromatleastsomeoftheoneor 
S 

morechambersfromsubsequentanalysis.  

[0058] Insomeembodimentsthemethodfurthercomprisesreloadingtheoneormore 

chamberswithadditionalsampleuntilanoptimalnumberoftheoneormorechamberseach 

containatleastoneandnomorethanonebiomoleculeboundtoasurfaceofarespectiveoneor 

theoneormorechambers(e.g.,byusingthemeasureofquantitativeloadingtodeterminewhen 

theoptimalnumberoftheoneormorechamberscontainthesinglebiomolecule).  

[0059] Insomeembodimentsthemethodfurthercomprisesterminatingloadingwhen 

theoptimalnumberoftheoneormorechamberscontaintheatleastoneandnomorethanone 

biomoleculeofthesample(e.g.,byremovingunboundreferencedyemoleculesfromthe 

integrateddevice).  

[0060] Insomeembodimentsthemethodfurthercomprisessubsequenttoterminating 

loadingsequencingthesampleatleastinpartby:(1)deliveringexcitationlighttotheoneor 

excitationlight~and(3)identifyingoneormorebiomoleculesofthesamplebasedonthe 

signals.  

[0061] Insomeembodimentseachoftheoneormorereferencedyemoleculeswhen 

attachedtotherespectivebiomoleculeisseparatedfromtherespectivebiomoleculebyatleast1 

nm.  

[0062] Insomeembodimentstheoneormorereferencedyemoleculesareattachedto 

therespectivebiomoleculeviaasecondarybiomolecule(e.g.,anoligonucleotideanN-terminal 

aminoacidrecognizer).Thatisthesecondarybiomoleculemaybeboundtotherespective 

biomoleculeandthereferencedyemoleculemaybeboundtothesecondarybiomolecule.  

[0063] Insomeembodimentsthesecondarybiomoleculemaybereversiblyboundtothe 

respectivebiomolecule.Forexampleeachsecondarybiomoleculemaybindtoarespective 

biomoleculeperiodically.Theoneormorereferencedyemoleculesmayexhibitapulsing 
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patternsuchthatarespectivereferencedyemoleculeoftheoneormorereferencedye 

moleculesexcitedbyexcitationlightemitsemissionlightonlywhenboundtotherespective 

biomolecule(viaarespectivesecondarybiomolecule).Insomeembodimentsthemeasureof 

quantitativeloadingofthesamplemaycompriseanumberofbiomoleculespresentinthe 

chamberandthemethodmayfurthercomprisedeterminingthenumberofbiomoleculespresent 

inthechamberbasedonthepulsingpatternoftheoneormorereferencedyemolecules.  

[0064] Someaspectsofthepresentdisclosurerelatetoanintegrateddeviceconfigured 

todetermineameasureofquantitativeloadingofasampletheintegrateddevicecomprising:at 

leastonechamberforreceivingoneormorereferencedyemoleculestheoneormorereference 

dyemoleculesbeingattachedtorespectivebiomoleculesofthesampleatleastone 

photodetectionregionforreceivingasignalemittedbytheoneormorereferencedyemolecules 

thesignalexpressinganintensityoflightemittedbytheoneormorereferencedyemoleculesin 

responsetoexcitationlightfromatleastoneexcitationsourceoveraperiodoftimeandatleast 

onecontrollerconfiguredtodeterminebasedonthesignalemittedbytheoneormorereference 

dyemoleculesthemeasureofquantitativeloadingofthesample.  

[0065] Someaspectsofthepresentdisclosurerelatetoamethodfordetermininga 

measureofquantitativeloadingofasampleinanintegrateddevicethemethodcomprising: 

excitingwithlightfromatleastoneexcitationsourceoneormorereferencedyemoleculesthe 

oneormorereferencedyemoleculesbeingattachedtorespectivesecondarybiomolecules(e.g., 

oligonucleotidesN-terminalaminoacidrecognizers)whichreversiblybindstorespective 

biomoleculesofthesampletherespectivebiomoleculesbeingboundtoasurfaceofachamber 

referencedyemoleculesinresponsetotheexcitationlight~determiningapulsingpatternofthe 

oneormorereferencedyemoleculesanddeterminingthemeasureofquantitativeloadingofthe 

samplebasedonthepulsingpatternoftheoneormorereferencedyemolecules.  

[0066] Insomeembodimentstheoneormorereferencedyemoleculesmaybindtothe 

respectivebiomoleculesperiodically.Insomeembodimentstheoneormorereferencedye 
moleculesmaybindtotherespectivebiomoleculeonceperpulsing S 

penod~thepulsingpattern 

comprisesoneormorepulsesornopulsesandthemeasureofquantitativeloadingis 

deteaninedbasedonanumberoftheoneormorepulsesreceivedduringapulsingperiod.  
S 

[0067] Insomeembodimentsthemeasureofquantitativeloadingcomprisesanumber 

ofbiomoleculespresentinthechamber.Insomeembodimentsdeterminingthemeasureof 

quantitativeloadingofthesamplecompriseswhennopulsesarepresentinthepulsingpattern 

determiningthatthechambercontainsnobiomolecules.  
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[0068] Insomeembodimentstheoneormorereferencedyemoleculesmayemit 

emissionlightonlywhenboundtotherespectivebiomolecule.  

[0069] Insomeembodimentsthemeasureofquantitativeloadingofthesample 

comprisesanumberoftherespectivebiomoleculesofthesampleboundtothesurfaceofthe 

chamber.Determiningthemeasureofquantitativeloadingofthesamplemaycomprisewhen 

thenopulsesarepresentinthepulsingpatterndeterminingthatthechambercontainsno 

biomolecules.  

[0070] Theaspectsandembodimentsdescribedaboveaswellasadditionalaspectsand 

embodimentsaredescribedfurtherbelow.Theseaspectsand/orembodimentsmaybeused 

individuallyalltogetherorinanycombinationastheapplicationisnotlimitedinthisrespect.  

[0071] II. Integrated Device Overview 

[0072] Asdescribedhereinthetechniquesdescribedhereinmayfacilitatedetermining 

quantitativeloadingofanintegrateddevice.Theintegrateddevicemayfacilitateproviding 

excitationlightfromoneormoreexcitationsourceslocatedseparatefromapixelarrayofan 

integrateddevicetoareactionchambercontainingasample.Theexcitationlightmaybe 

directedatleastinpartbyelementsoftheintegrateddevicetowardsoneormorepixelsto 

illuminateanilluminationregionwithinthereactionchamber.Asampledisposedinthereaction 

chamberorareactioncomponentattachedtothesample(suchasafluorescentlabelfor 

example),mayemitemissionlightwhenlocatedwithintheilluminationregionofthereaction 

chamberandinresponsetobeingilluminatedbytheexcitationlight.Insomeembodimentsthe 

[0073] Emissionlightemittedfromoneormorereactionchambers(e.g.,atleasttwo 

reactionchambersinsomeembodiments),maybedetectedbyoneormorephotodetectors 

withinapixeloftheintegrateddevice.Asdescribedhereintheintegrateddevicemaybe 

configuredhavingmultiplepixels(e.g.,anarrayofpixels),andthusmayhavemultiplereaction 

chambersandcorrespondingphotodetectors.Characteristicsofthedetectedemissionlightmay 

provideanindicationforidentifyingthelabelassociatedwiththeemissionlight.Such 

characteristicsmayincludeanysuitabletypeofcharacteristicincludinganarrivaltimeof 

photonsdetectedbythephotodetectoranamountofphotonsaccumulatedovertimebya 

photodetectorand/oradistributionofphotonsacrosstwoormorephotodetectors.Insome 

embodimentsaphotodetectormayhaveaconfigurationthatallowsfordetectionofoneormore 

characteristicsassociatedwiththeemissionlightsuchastimingcharacteristics(e.g., 

fluorescencelifetimepulsedurationinterpulseduration),wavelengthand/orintensity.Asone 

exampleoneormorephotodetectorsmaydetectadistributionofphotonarnvaltimesaftera 
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pulseofexcitationlightpropagatesthroughtheintegrateddeviceandthedistributionofarrival 

timesmayprovideanindicationofatimingcharacteristicoftheemissionlight(e.g.,aproxyfor 

fluorescencelifetimepulsedurationand/orinterpulseduration).Suchinformationmaybeused 

intechniquesfordetectionand/oridentificationofmoleculesinasampleforexampleincluding 

thosedescribedinU.S.Pat.ApplicationNo.16/686,028titled"METHODSAND 

COMPOSITIONSFORPROTEINSEQUENCING" filedNovember15,2019underAttorney 

DocketNo.R0708.70042U502,PCTApplicationNo.PCT/US19/61831titled"METHODS 

ANDCOMPOSITIONSFORPROTEINSEQUENCING" filedNovember15,2019under 

AttorneyDocketNo.R0708.70042W000,U.S.Pat.ApplicationNo.62/984,229titled 

'iNTEGRATEDSENSORFORMULTI-DIMENSIONALSIGNALANALYSIS,'' filedMarch 

2,2020underAttorneyDocketNo.R0708.70090U500,U.S.Pat.ApplicationNo.15/600,979 

titled"LABELEDNUCLEOTIDECOMBINATIONSANDMETHODSFORNUCLEICACID 

SEQUENCING" filedMay22,2017underAttorneyDocketNo.R0708.70018U502andU.S.  

Pat.ApplicationNo.15/161,125titled"METHODSFORNUCLEICACIDSEQUENCING 

filedMay20,2016underAttorneyDocketNo.R0708.70020U500eachofwhichare 

incorporatedbyreferenceintheirentireties.Insomeembodimentsoneormorephotodetectors 

provideanindicationofaprobabilityofemissionlightemittedbythefluorescentlabels(e.g., 

fluorescenceintensity).Insomeembodimentsoneormorephotodetectorsmaybesizedand 

arrangedtocaptureaspatialdistributionoftheemissionlight(e.g.,wavelength).Outputsignals 

fromtheoneormorephotodetectorsmaybeusedtodistinguishafluorescentlabelfromamong 

apluralityoflabelswherethepluralityoflabelsmaybeusedtoidentifyasampleoritstructure 

[0074] Forexampleaschematicoverviewofanexemplarysystem1-100isillustratedin 

FIG.1-lA.Thesystemcompnsesbothanintegrateddevice1-102thatinterfaceswithan 

instrument1- 104. Insomeembodimentsinstrument1- 104mayincludeoneormoreexcitation 

sources1- 116integratedaspartofinstrument1- 104. Insomeembodimentsanexcitationsource 

maybeexternaltobothinstrument1-104andintegrateddevice1-102,andinstrument1-104 

maybeconfiguredtoreceiveexcitationlightfromtheexcitationsourceanddirectexcitation 

lighttotheintegrateddevice.Theintegrateddevicemayinterfacewiththeinstrumentusingany 

suitablesocketforreceivingtheintegrateddeviceandholdingitinpreciseopticalalignment 

withtheexcitationsource.Theexcitationsource1- 116maybeconfiguredtoprovideexcitation 

lighttotheintegrateddevice1-102.AsillustratedschematicallyinFIG.1-lAtheintegrated 

device1- 102hasapluralityofpixels1- 112,whereatleastaportionofpixelsmayperform 

independentanalysisofasampleofinterest.Suchpixels1-112maybereferredtoaspassive 
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sourcepixels"sinceapixelreceivesexcitationlightfromanexcitationsource1-116separate 

fromthepixelwhereexcitationlightfromthesourceexcitessomeorallofthepixels1- 112.  

Excitationsource1- 116maybeanysuitablelightsource.Examplesofsuitableexcitation 

sourcesaredescribedinU.S.Pat.ApplicationNo.14/821,688,filedAugust7,2015,titled 

'iNTEGRATEDDEVICEFORPROBINGDETECTINGANDANALYZING 

MOLECULES"underAttorneyDocketNumberR0708.70004US02,whichisincorporatedby 

referenceinitsentirety.Insomeembodimentsexcitationsource1-116includesmultiple 

excitationsourcesthatarecombinedtodeliverexcitationlighttointegrateddevice1- 102. The 

multipleexcitationsourcesmaybeconfiguredtoproducemultipleexcitationenergiesor 

wavelengths.  

[0075] ReferringtoFIG.1- 1B, apixel1- 112hasareactionchamber1- 108configuredto 

receiveaatleastonesampleofinterestandaphotodetector1-110fordetectingemissionlight 

emittedfromthereactionchamberinresponsetoilluminatingthesampleandatleastaportion 

ofthereactionchamber1- 108withexcitationlightprovidedbytheexcitationsource1- 116. In 

someembodimentsreactionchamber1- 108mayretainthesampleinproximitytoasurfaceof 

integrateddevice1- 102,whichmayeasedeliveryofexcitationlighttothesampleanddetection 

ofemissionlightfromthesampleorareactioncomponent(e.g.,afluorescentlabel).Asshown 

intheillustratedembodimentofFIG.1- lB, thereactionchamber1- 108andthephotodetector1

110haveaone-to-onecorrespondence.Insomeembodimentsasdescribedhereineachpixel 

maycomprisemultiplereactionchambersperphotodetector.  

[0076] Opticalelementsforcouplingexcitationlightfromexcitationlightsource1-116 

locatedononeorbothoftheintegrateddevice1-102andtheinstrument1-104.Source-to

chamberopticalelementsmaycompnseoneormoregratingcouplerslocatedonintegrated 

device1-102tocoupleexcitationlighttotheintegrateddeviceandwaveguidestodeliver 

excitationlightfrominstrument1- 104toreactionchambersinpixels1- 112. Oneormoreoptical 

splitterelementsmaybepositionedbetweenagratingcouplerandthewaveguides.Theoptical 

splittermaycoupleexcitationlightfromthegratingcoupleranddeliverexcitationlighttoat 

leastoneofthewaveguides.Insomeembodimentstheopticalsplittermayhaveaconfiguration 

thatallowsfordeliveryofexcitationlighttobesubstantiallyuniformacrossallthewaveguides 

suchthateachofthewaveguidesreceivesasubstantiallysimilaramountofexcitationlight.  

Suchembodimentsmayimproveperformanceoftheintegrateddevicebyimprovingthe 

uniformityofexcitationlightreceivedbyreactionchambersoftheintegrateddevice.  
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[0077] Reactionchamber1-108,aportionoftheexcitationsource-to-chamberoptics 

andthereactionchamber-to-photodetectoropticsarelocatedonintegrateddevice1-102.  

Excitationsource1- 116andaportionofthesource-to-chambercomponentsarelocatedin 

instrument1-104.Insomeembodimentsasinglecomponentmayplayaroleinbothcoupling 

excitationlighttoreactionchamber1-108anddeliveringemissionlightfromreactionchamber 

1-108tophotodetector1-110.Examplesofsuitablecomponentsforcouplingexcitationlightto 

areactionchamberand/ordirectingemissionlighttoaphotodetectortoincludeinanintegrated 

devicearedescribedinU.S.Pat.ApplicationNo.14/821,688filedAugust7,2015,titled 

"INTEGRATEDDEVICEFORPROBINGDETECTINGANDANALYZING 

MOLECULES"underAttorneyDocketNumberR0708.70004US02andU.S.Pat.Application 

No.14/543,865,filedNovember17,2014,titled''INTEGRATEDDEVICEWITHEXTERNAL 

LIGHTSOURCEFORPROBINGDETECTINGANDANALYZINGMOLECULES"under 

AttorneyDocketNumberR0708.70005U500,bothofwhichareincorporatedbyreferencein 

theirentirety.  

[0078] Pixel1- 112isassociatedwithitsownindividualreactionchamber1- 108andat 

leastonephotodetector1- 110.Thepluralityofpixelsofintegrateddevice1- 102maybe 

arrangedtohaveanysuitableshapesizeand/ordimensions.Integrateddevice1-102mayhave 

anysuitablenumberofpixels. Thenumberofpixelsinintegrateddevice1- 102maybeinthe 

rangeofapproximately100,000pixelsto64,000,000pixelsoranyvalueorrangeofvalues 

withinthatrange.Insomeembodimentsthepixelsmaybearrangedinanarrayof1024pixels 

by2048pixels.Integrateddevice1-102mayinterfacewithinstrument1-104inanysuitable 

tointegrateddevice1-102suchthatausermayattachintegrateddevice1-102toinstrument1

104foruseofintegrateddevice1-102toanalyzeatleastonesampleofinterestinasuspension 

andremoveintegrateddevice1- 102frominstrument1- 104toallowforanotherintegrated 

devicetobeattached.Theinterfaceofinstrument1- 104maypositionintegrateddevice1- 102to 

couplewithcircuitryofinstrument1- 104toallowforreadoutsignalsfromoneormore 

photodetectorstobetransmittedtoinstrument1-104.Integrateddevice1-102andinstrument1

104mayincludemulti-channelhigh-speedcommunicationlinksforhandlingdataassociated 

withlargepixelarrays(e.g.,morethan10,000pixels).  

[0079] Instrument1- 104mayincludeauserinterfaceforcontrollingoperationof 

instrument1-104and/orintegrateddevice1-102.Theuserinterfacemaybeconfiguredtoallow 

ausertoinputinformationintotheinstrumentsuchascommandsand/orsettingsusedtocontrol 

thefunctioningoftheinstrument.Insomeembodimentstheuserinterfacemayincludebuttons 

15 

manner.Insomeembodimentsinstrument1- 104mayhaveaninterfacethatdetachablycouples



WO20221093861 PCT/IJS2021/056707 

switchesdialsandamicrophoneforvoicecommands.Theuserinterfacemayallowauserto 

receivefeedbackontheperformanceoftheinstrumentand/orintegrateddevicesuchasproper 

alignmentand/orinfomiationobtainedbyreadoutsignalsfromthephotodetectorsonthe 

integrateddevice.Insomeembodimentstheuserinterfacemayprovidefeedbackusinga 

speakertoprovideaudiblefeedback.Insomeembodimentstheuserinterfacemayinclude 

indicatorlightsand/oradisplayscreenforprovidingvisualfeedbacktoauser.  

[0080] Insomeembodimentsinstrument1-104mayincludeacomputerinterface 

configuredtoconnectwithacomputingdevice.ComputerinterfacemaybeaLTSBinterfacea 

FireWireinterfaceoranyothersuitablecomputerinterface.Computingdevicemaybeany 

generalpurposecomputersuchasalaptopordesktopcomputer.Insomeembodiments 

computingdevicemaybeaserver(e.g.,cloud-basedserver)accessibleoverawirelessnetwork 

viaasuitablecomputerinterface.Thecomputerinterfacemayfacilitatecommunicationof 

informationbetweeninstrument1-104andthecomputingdevice.Inputinformationfor 

controllingand/orconfiguringtheinstrument1-104maybeprovidedtothecomputingdevice 

andtransmittedtoinstrument1-104viathecomputerinterface.Outputinformationgeneratedby 

instrument5-104maybereceivedbythecomputingdeviceviathecomputerinterface.Output 

informationmayincludefeedbackaboutperformanceofinstrument1-104,performanceof 

integrateddevice1- 102, and/ordatageneratedfromthereadoutsignalsofphotodetector1- 110.  

[0081] Insomeembodimentsinstrument1-104mayincludeaprocessingdevice 

configuredtoanalyzedatareceivedfromoneormorephotodetectorsofintegrateddevice1-102 

and/ortransmitcontrolsignalstoexcitationsource(s)1-116.Insomeembodimentsthe 

(e.g.,acentralprocessingunit(CPU)suchasoneormoremicroprocessorormicrocontroller 

coresafield-programmablegatearray(FPGA),anapplication-specificintegratedcircuit 

(ASIC),acustomintegratedcircuitadigitalsignalprocessor(DSP),oracombinationthereof) 

Insomeembodimentstheprocessingofdatafromoneormorephotodetectorsmaybe 

performedbybothaprocessingdeviceofinstrument1-104andanexternalcomputingdevice.In 

otherembodimentsanexternalcomputingdevicemaybeomittedandprocessingofdatafrom 

oneormorephotodetectorsmaybeperformedsolelybyaprocessingdeviceofintegrateddevice 

1-102.  

[0082] Across-sectionalschematicofintegrateddevice1- 102illustratingarowofpixels 

1- 112isshowninFIG.1- 1B. Integrateddevice1- 102mayincludecouplingregion1-201, 

routingregion1-202andpixelregion1-203. Pixelregion1-203mayincludeapluralityof 

pixels1- 112havingreactionchambers1- 108positionedonasurfaceatalocationseparatefrom 
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couplingregion1-201, whichiswhereexcitationlight(shownasthedashedarrow)couplesto 

integrateddevice1- 102.Reactionchambers1- 108maybeformedthroughmetallayer(s)1-106.  

Onepixel1-112illustratedbythedottedrectangleisaregionofintegrateddevice1-102that 

includesareactionchamber1- 108andaphotodetectionregionhavingoneormore 

photodetectors1-110.Intheillustratedembodimentthepixelcomprisesasinglereaction 

chamber1-108.Insomeembodimentseachpixelmaycomprisetwoormorereactionchambers.  

[0083] FIG.1- 1Billustratesthepathofexcitation(shownindashedlines)bycouplinga 

beamofexcitationlighttocouplingregion1-201andtoreactionchambers1-108.Therowof 

reactionchambers1-108showninFIG.1-lBmaybepositionedtoopticallycouplewith 

waveguide1-220.Excitationlightmayilluminateasamplelocatedwithinareactionchamber.  

Thesampleorreactioncomponent(e.g.,afluorescentlabel)mayreachanexcitedstatein 

responsetobeingilluminatedbytheexcitationlight.Whenasampleorreactioncomponentisin 

anexcitedstatethesampleorreactioncomponentmayemitemissionlightwhichmaybe 

detectedbyoneormorephotodetectorsassociatedwiththereactionchamber.FIG.1-lB 

schematicallyillustratesanopticalaxisofemissionlight(shownasthesolidline)froma 

reactionchamber1- 108tophotodetector(s)1-110ofpixel1-112.Thephotodetector(s)1-110of 

pixel1-112maybeconfiguredandpositionedtodetectemissionlightfromreactionchamber1

108.ExamplesofsuitablephotodetectorsaredescribedinU.S. Pat.Application14/821,656, 

filedAugust7,2015,titled"INTEGRATEDDEVICEFORTEMPORALBINNINGOF 

RECEIVEDPHOTONS"underAttorneyDocketNumberR0708.70002US02,whichis 

incorporatedbyreferenceinitsentirety.Foranindividualpixel1- 112,areactionchamber1-108 

directionshowninFIG.1-lA).Inthismannerthephotodetector(s)mayoverlapwiththe 

reactionchamberwithinapixel1- 112.  

[0084] Thedirectionalityoftheemissionlightfromareactionchamber1- 108may 

dependonthepositioningofthesampleinthereactionchamber1-108relativetometallayer(s) 

1-106becausemetallayer(s)1-106mayacttoreflectemissionlight.Inthismanneradistance 

betweenmetallayer(s)1-106andafluorescentmarkerpositionedinareactionchamber1-108 

mayimpacttheefficiencyofphotodetector(s)1-110,thatareinthesamepixelasthereaction 

chambertodetectthelightemittedbythefluorescentmarker.Thedistancebetweenmetal 

layer(s)1- 106andthebottomsurfaceofareactionchamber1-108,whichisproximatetowhere 

asamplemaybepositionedduringoperationmaybeintherangeof100nmto500nmorany 

valueorrangeofvaluesinthatrange.Insomeembodimentsthedistancebetweenmetallayer(s) 

1- 106andthebottomsurfaceofareactionchamber1- 108isapproximately300nm.  
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[0085] Thedistancebetweenthesampleandthephotodetector(s)mayalsoimpact 

efficiencyindetectingemissionlight.Bydecreasingthedistancelighthastotravelbetweenthe 

sampleandthephotodetector(s),detectionefficiencyofemissionlightmaybeimproved.In 

additionsmallerdistancesbetweenthesampleandthephotodetector(s)mayallowforpixels 

thatoccupyasmallerareafootprintoftheintegrateddevicewhichcanallowforahigher 

numberofpixelstobeincludedintheintegrateddevice.Thedistancebetweenthebottom 

surfaceofareactionchamber1-108andphotodetector(s)maybeintherangeof1~mto15~m, 

oranyvalueorrangeofvaluesinthatrange.Itshouldbeappreciatedthatinsome 

embodimentsemissionlightmaybeprovidedthroughothermeansthananexcitationlight 

sourceandareactionchamber.Accordinglysomeembodimentsmaynotincludereaction 

chamber1-108.  

[0086] Photonicstructure(s)1-230maybepositionedbetweenreactionchambers1-108 

andphotodetectors1- 110andconfiguredtoreduceorpreventexcitationlightfromreaching 

photodetectors1-110,whichmayotherwisecontributetosignalnoiseindetectingemission 

light.AsshowninFIG.1-iBtheoneormorephotonicstructures1-230maybepositioned 

betweenwaveguide1-220andphotodetectors1-110.Photonicstructure(s)1-230mayinclude 

oneormoreopticalrejectionphotonicstructuresincludingaspectralfilterapolarizationfilter 

andaspatialfilter.Photonicstructure(s)1-230maybepositionedtoalignwithindividual 

reactionchambers1-108andtheirrespectivephotodetector(s)1-110alongacommonaxis.  

Metallayers1-240,whichmayactasacircuitryforintegrateddevice1- 102, mayalsoactasa 

spatialfilterorpolarizationfilterinaccordancewithsomeembodiments.Insuchembodiments 

reachingphotodetector(s)1-110.  

[0087] Couplingregion1-201mayincludeoneormoreopticalcomponentsconfigured 

tocoupleexcitationlightfromanexternalexcitationsourceforexampleexcitationsource(s)1

116illustratedinFIG.1- lA.Couplingregion1-201mayincludegratingcoupler1-216 

positionedtoreceivesomeorallofabeamofexcitationlight.Examplesofsuitablegrating 

couplersaredescribedinU.S. Pat.Application15/855,403filedDecember15,2017,titled 

"OPTICALCOUPLERANDWAVEGUIDESYSTEM"underAttorneyDocketNumber 

R0708.70021US01,andU.S.Pat.Application16/861,399,filedApril29,2020,titled"SLICED 

GRATINGCOUPLERWITHINCREASEDBEAMALIGNMENTSENSITIVITY"under 

AttorneyDocketNumberR0708.7007lUSOl, eachofwhichareherebyincorporatedby 

referencehereinintheirentireties. Gratingcoupler1-216maycoupleexcitationlightto 

waveguide1-220,whichmaybeconfiguredtopropagateexcitationlighttotheproximityofone 
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ormorereactionchambers1- 108. Alternativelycouplingregion1-201maycompnseother 

well-knownstructuresforcouplinglightintoawaveguide.  

[0088] Componentslocatedoffoftheintegrateddevicemaybeusedtopositionand 

aligntheexcitationsource1-116totheintegrateddevice.Suchcomponentsmayincludeoptical 

componentsincludinglensesmirrorsprismswindowsaperturesattenuatorsand/oroptical 

fibers.Additionalmechanicalcomponentsmaybeincludedintheinstrumenttoallowfor 

controlofoneormorealignmentcomponents.Suchmechanicalcomponentsmayinclude 

actuatorssteppermotorsand/orknobs.Examplesofsuitableexcitationsourcesandalignment 

mechanismsaredescribedinU.S. Pat.Application15/161,088,filedMay20,2016,titled 

"PULSEDLASERANDSYSTEM"underAttorneyDocketNumberR0708.70010U502,which 

isincorporatedbyreferenceinitsentirety.Anotherexampleofabeam-steeringmoduleis 

describedinU.S. Pat.Application15/842,7720,filedDecember14,2017,titled"COMPACT 

BEAMSHAPINGANDSTEERINGASSEMBLY"underAttorneyDocketNumber 

R0708.70024U501,whichisincorporatedhereinbyreference.  

[0089] Asampletobeanalyzedmaybeintroducedintoreactionchamber1-108ofpixel 

1-112.Thesamplemaybeabiologicalsampleoranyothersuitablesamplesuchasachemical 

sample.Thesamplemayincludemultiplemoleculesandthereactionchambermaybe 

configuredtoisolateasinglemolecule.Insomeinstancesthedimensionsofthereaction 

chambermayacttoconfineasinglemoleculewithinthereactionchamberallowing 

measurementstobeperformedonthesinglemolecule.Excitationlightmaybedeliveredintothe 

reactionchamber1- 108,soastoexcitethesampleoratleastonefluorescentmarkerattachedto 

thereactionchamber1-108.  

[0090] Inoperationparallelanalysesofsampleswithinthereactionchambersare 

carriedoutbyexcitingsomeorallofthesampleswithinthewellsusingexcitationlightand 

detectingsignalsfromsampleemissionwiththephotodetectors.Emissionlightfromasample 

maybedetectedbyacorrespondingphotodetectorandconveffedtoatleastoneelectricalsignal.  

Informationregardingvarious S oftheemissionlight(e.g.,wavelength, 

fluorescencelifetimeintensitypulsedurationand/oranyothersuitablecharacteristic)maybe 

collectedandusedforsubsequentanalysisasdescribedherein.Theelectricalsignalsmaybe 

transmittedalongconductinglines(e.g., metallayers1-240)inthecircuitryoftheintegrated 

devicewhichmaybeconnectedtoaninstrumentinterfacedwiththeintegrateddevice.The 

electricalsignalsmaybesubsequentlyprocessedand/oranalyzed.Processingoranalyzingof 
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electricalsignalsmayoccuronasuitablecomputingdeviceeitherlocatedonoroffthe 
S 

instrument.  

[0091] FIG.1-iCillustratesacross-sectionalviewofapixel1-112ofintegrateddevice 

1- 102,accordingtosomeembodiments. FIG.1- 1Dshowsacircuitdiagramofpixel1- 112.FIG.  

1sh-lEshowsanexemplaryarrayofpixels1-112andprocessingcircuit1-114,whichmaybe 

includedinintegrateddevice1- 102accordingtosomeembodiments.  

[0092] InFIGS. 1- iCand1- iDpixel1- 112includesaphotodetectionregionwhich 

maybeapinnedphotodiode(PPD),twochargestorageregionswhichmaybestoragediodes 

(SDOandSD1),andareadoutregionwhichmaybeafloatingdiffusion(FD)region.Alsoas 

shownpixel1-112alsoincludesdrainregionDandtransfergatesSTOTXOTX1andREJ.  

[0093] InsomeembodimentsphotodetectionregionPPDchargestorageregionsSDO 

andSD1andreadoutregionFDmaybeformedonanintegratedcircuitsubstratebydoping 

partsofthesubstrate.Forexamplethesubstratemaybelightlydopedandphotodetectionregion 

PPDchargestorageregionsSDOandSD1andreadoutregionFDmaybemoreheavilydoped.  

Inthisexamplethesubstratemaybelightlyp-typedopedandphotodetectionregionPPD 

chargestorageregionsSDOandSD1, andreadoutregionFDmayben-typedoped.  

Alternativelythesubstratemaybelightlyn-typedopedandphotodetectionregionPPDcharge 

storageregionsSDOandSD1, andreadoutregionFDmaybep-typedopedasembodiments 

describedhereinarenotsolimited.  

[0094] InsomeembodimentsphotodetectionregionPPDmaybeconfiguredtogenerate 

chargecarriers(e.g.,photo-electrons)whenincidentphotonsarereceivedtherein.Insome 

photodetectionregionPPDand/ortooneanother.Forexamplepixel1-112mayincludeoneor 

moretransferchannelselectricallycouplingchargestorageregionsSDOandSD1to 

photodetectionregionPPDand/ortooneanother.Insomeembodimentsthetransferchannels 

maybeformedbydopingportionsoftheintegratedcircuitsubstratedisposedbetweenthe 

regions.Forexampletheportionsmaybedopedwithasameconductivitytypeastheregions 
S 

(e.g.,ann-typedopedchanneldisposedbetweenann-typedopedPPDandSDO).Refemngto 

FIG.1- 1DforexampleachannelofatransistorcoupledbetweenphotodetectionregionPPD 

andchargestorageregionSDOisatransferchannelelectricallycouplingphotodetectionregion 

PPDtochargestorageregionSDO.Similarlyachannelofatransistorcoupledbetweencharge 

storageregionsSDOandSD1isatransferchannelelectricallycouplingchargestorageregion 

SDOtoSD1, achannelofatransistorcoupledbetweenchargestorageregionSD1andreadout 

regionFDisatransferchannelelectricallycouplingchargestorageregionSD1toreadoutregion 
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embodimentschargestorageregionsSDOandSD1maybeelectricallycoupledto
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FD.AchannelofatransistorcoupledbetweenphotodetectionregionPPDanddrainregionDis 

atransferchannelbetweenphotodetectionregionPPDanddrainregionD.  

[0095] InsomeembodimentstransfergatesSTOTXOTX1,andREJmaybe 
S 

configuredtocontrolthetransferofchargecamersfromphotodetectionregionPPDtostorage 

regionsSDOandSD1, betweenchargestorageregionsSDOandSD1and/orbetweencharge 

storageregionsSDOandSD1andreadoutregionFD.ForexampletransfergatesSTOTXO, 

TX1, andREJmaybeelectricallycoupledtoandconfiguredtobiasthetransferchannels 

electricallycouplingtheregionsofpixel1-112totransferthechargecarriersbetweenthe 

regionswhenappropriatecontrolsignalsareappliedtothetransfergates.Thetransfergatesmay 

meconductively(e.g.,physically)coupledtothetransferchannelsand/ormaybepositioned 

closeenoughtothetransferchannelsand/orseparatedbyathinenoughinsulatortocapacitively 

coupletothetransferchannelsaccordingtovariousembodiments.Insomeembodiments, 

transfergatesdescribedhereinmaybeformedusingaconductivematerialsuchasmetal.  

Alternativelyoradditionallyinsomeembodimentstransfergatesdescribedhereinmaybe 

formedusingasemiconductormaterialsuchaspolysilicon.Insomeembodimentsmaterials 

usedtoformtransfergatesdescribedhereinmaybeatleastpartiallyopaque.  

[0096] Insomeembodimentswhenacontrolsignalisreceivedatatransfergatethe 

transfergatemayelectricallycouplethecontrolsignaltothetransferchannelandbiasthe 

transferchanneltherebyincreasingtheconductivityofthetransferchannel.Insome 

embodimentsthetransferchannelmaybedopedwithasameconductivitytypebutalower 

dopantconcentrationthantheregionsofpixel1-112electricallycoupledbythetransferchannel, 

electricpotentialbarriermayexistbetweentheregionsevenwhennoexternalelectricfieldis 

appliedtothetransfergateortransferchannel.Forexamplethedopantconcentrationofthe 

transferchannelbetweenphotodetectionregionPPDandchargestorageregionSDOmay 
S 

generateanintnnsicelectricpotentialbarrierbetweenphotodetectionregionPPDandcharge 

storageregionSDO.Insomeembodimentsacontrolsignalmaybeappliedtothetransfergate, 

thecontrolsignalbeingconfiguredtolowertheintrinsicelectricpotentialbarrierbetweenthe 

regionselectricallycoupledbythetransferchanneltherebyincreasingtheconductivityofthe 

transferchannelandcausingatransferofchargecatersbetweentheregions.Forexamplefor 

ann-typedopedtransferchannelthecontrolsignalmayhaveavoltagethatisgreaterthana 

voltageatoneoftheregions(e.g.,atthesourceterminalofthetransferchannel)byatleasta 

thresholdvoltageofthetransferchannelthethresholdvoltagebeingdependentonthesizeof 

thetransferchannelasubstratevoltageoftheintegrateddevice1-102proximatethetransfer 
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therebygeneratinganintrinsicelectricpotentialbarrierbetweentheregions.Theintrinsic



WO20221093861 PCT/IJS2021/056707 

channelandothersuchparameters.Similarlyforap-typedopedtransferchannelthecontrol 

signalmayhaveavoltagethatislowerthanthevoltageattheoneoftheregionsbyatleastthe 

thresholdvoltage.Insomeembodimentsacontrolcircuitofintegrateddevice1-102maybe 

configuredtogenerateandprovidesuchcontrolsignalstothetransfergatesasdescribedfurther 

herein.  

[0097] InFIG.1-iCpixel1-112isshowninaconfigurationconfiguredtoreceive 

incidentphotonsinadirectioninwhichphotodetectionregionPPDchargestorageregionsSDO 

andSD1andreadoutregionFDarespacedfromtransfergatesREJSTOTXOandTX1(e.g., 

front-sideillumination).Itshouldbeappreciatedhoweverthatinsomeembodiments 

photodetectionregionPPDmaybeconfiguredtoreceiveincidentphotonsinadirectionin 

whichtransfergatesREJSTOTXOandTX1arespacedfromphotodetectionregionPPD 

chargestorageregionsSDOandSD1,andreadoutregionFD(e.g.,back-sideillumination).In 

someembodimentssuchaconfigurationmayimprovetheelectricalcharacteristicsofthe 

transfergatesbecausetheopticalcharacteristicsofthetransfergateshaveareducedimpacton 

theincidentphotons.  

[0098] InFIG.1-iDpixel1-112furtherincludesareset(RST)transfergatecoupledto 

readoutregionFDandconfiguredforcouplingtoahighvoltageVDDPandarowselect(RS) 

transfergatecoupledbetweenreadoutregionFDandabitline.Whentheintegrateddevice1-102 

iscoupledtoapowersource(e.g.,atleastaDCpowersupply),transfergateRSTmaybe 

coupledtohighvoltageVDDPwhichissuppliedbythepowersourceand/orregulatedbya 

voltageregulatorofintegrateddevice1- 102.  

readoutregionFD.ForexamplewhenaresetsignalisappliedtotransfergateRSTtransfer 

gateRSTmaybiasthetransferchannelelectricallycouplingreadoutregionFDtohighvoltage 

VDDPtherebyincreasingtheconductivityofthetransferchannelandtransferringcharge 

carriersfromreadoutregionFDtohighvoltageVDDP.Insomeembodimentsresettransfer 

gateRSTmaybefurtherconfiguredtoresetthevoltageofchargestorageregionSDOand/or 

SD1. ForexamplewhenaresetsignalisappliedtoresettransfergateRSTandacontrolsignal 

isappliedtotransfergateTX1, transfergateTX1maytransferchargecamersinchargestorage 

regionSD1toreadoutregionFDandtransfergateRSTmaytransferthechargecaterstohigh 

voltageVDDP.SimilarlywhenaresetsignalisappliedtoresettransfergateRSTandcontrol 

signalsareappliedtotransfergatesTX1andTXOtransfergateTXOmaytransfercharge 

carriersinchargestorageregionSDOtoSD1, transfergateTX1maytransferthechargecarriers 

inchargestorageregionSD1toreadoutregionFDandtransfergateRSTmaytransferthe 
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[0099] InsomeembodimentstransfergateRSTmaybeconfiguredtoresetavoltageof
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chargecarrierstohighvoltageVDDP.Insomeembodimentsintegrateddevice1-102maybe 

configuredtoresetreadoutregionFDandchargestorageregionsSDOandSD1beforecollecting 

andreadingoutchargecarriers.Forexampleintegrateddevice1-102maybeconfiguredtoreset 

readoutregionFDthenresetchargestorageregionSD1andthenresetchargestorageregion 

SDObeforecollectingandreadingoutchargecarriers.  

[0100] Insomeembodimentsthebitlinemaybecoupledtoprocessingcircuitryonthe 

integrateddevice1- 102and/oranexternalcircuitconfiguredtoreceiveavoltagelevelindicative 

ofchargecarriersreadouttoreadoutregionFD.Insomeembodimentsprocessingcircuitry1

114mayincludeananalog-to-digitalconverter(ADC).Insomeembodimentsintegrateddevice 

1- 102maybeconfiguredtoresetthevoltageofreadoutregionFDofeachpixelbeforereading 

outchargecarriers.Forexampleintegrateddevice1-102maybeconfiguredtoresetthevoltage 

ofreadoutregionFDsamplethevoltagetransferchargecarriersintoreadoutregionFDand 
e 

samplethevoltageagain.Inthisexamplethesecondsampledvoltagemaybeindicativeofa 
numberofthecharge S 

camerstransferredintoreadoutregionFDwhencomparedtothefirst 

sampledvoltage.Insomeembodimentsintegrateddevice1-102maybeconfiguredtoreadout 

chargecarriersfromeachpixel1- 112tothebitlinesequentiallysuchasrowbyrowand/or 

columnbycolumn.Itshouldbeappreciatedthatsomearraysofpixels1-112mayhavemultiple 

bitlineselectricallycoupledtodifferentonesand/orgroupsofpixels1-112.Insome 

embodimentspixelsofmultiplecolumnsmaybereadouttorespectiveprocessingcircuitryat 

thesametime.Forexampleafirstpixelofeachcolumn(e.g.,pixels(1,1)and(1,2)andsoon) 

maybereadouttotherespectiveprocessingcircuitryatthesametimeandthenasecondpixel 

processingcircuitryatthesametime.Itshouldbeappreciatedthatinsomeembodiments, 

processingcircuitrymaybeprovidedforeachrowofthearrayasanalternativeorinadditionto 

eachcolumn.Insomeembodimentsintegrateddevice1-102mayincludemultipleunitsof 

processingcircuitrysuchaseachbeingelectricallycoupledtoabitline.  

[0101] Itshouldbeappreciatedthatinaccordancewithvariousembodimentstransfer 

gatesdescribedhereinmayincludesemiconductormaterial(s)and/ormetalandmayincludea 

gateofafieldeffecttransistor(FET),abaseofabipolarjunctiontransistor(BJT),and/orthe 

like.Itshouldalsobeappreciatedthatcontrolsignalsdescribedhereinappliedtothe S various 
transfergatesmayvaryinshapeand/orvoltagesuchasdependingontheelectricpotentialof 

thesemiconductorregionandoftheregionselectricallycoupledtothesemiconductorregion 

(e.g.,neighboringregions).  

23 

ofeachcolumn(e.g., pixels(2,1)and(2,2,)andsoon)maybereadouttotherespective



WO20221093861 PCT/IJS2021/056707 

[0102] Insomeembodimentspixelsdescribedhereinmayincludemorethantwocharge 

storageregions. Forexamplepixel2-112describedhereininconnectionwithFIGS. 1- 1G-1- 1I 

includesthreechargestorageregions.  

[0103] FIG.1-lBisaplanviewofalternativepixel1-112'accordingtosome 

embodiments.Insomeembodimentspixel1-112'maybeconfiguredinthemannerdescribed 

forpixel1-112.InFIG.1-lEdrainregionDofpixel1-112'ispositionedonasamesideof 

photodetectionregionPPDaschargestorageregionsSDOandSD1andreadoutregionFD.Also 

showninFIG.1-lEphotodetectionregionPPDmayincludeamaskwithatriangularopening, 

withabaseofthetriangularopeningonasideofphotodetectionregionproximatecharge 

storageregionsSDOandSD1anddrainregionDandacorrespondingapexofthetriangular 

openingonasideofphotodetectionregionPPDoppositedrainregionDandchargestorage 

regionsSDOandSD1.  

[0104] InsomeembodimentsphotodetectionregionPPDmaybeconfiguredtoinduce 

anintrinsicelectricfieldinadirectionfromphotodetectionregionPPDtowardchargestorage 

regionsSDOandSD1anddrainregionD.ForexamplephotodetectionregionPPDmaybe 

formedbydopingasubstrateofintegrateddevice1-102throughtheopeningresultingina 

higherdopantconcentrationintheregionofthesubstrateexposedthroughtheopeningthanin 

theregioncoveredbythemaskduringdoping.Inthisexamplethelargerquantityofdopants 
S 

(e.g.,n-typedopants)atthebaseendofthetriangularopeningmaycausetheelectncpotentialat 

thebaseendofphotodetectionregionPPDproximatedrainregionDandchargestorageregion 

SDOtobelowerthantheelectricpotentialattheapexendofphotodetectionregionPPDonthe 

PPDmaybepresentevenintheabsenceofanexternalelectricfieldbeingappliedtopixel1

112.TheinventorsrecognizedthattheintrinsicelectricfieldofphotodetectionregionPPD 

increasestherateofchargetransferfromphotodetectionregionPPDtodrainregionDand/or 

storageregionsSDOandSD1, increasingtheefficiencywithwhichchargecarriersaredrained 

and/orcollectedduringoperationofpixel1-112.IntheexampleofFIG.1-lEtheintrinsic 

electricfieldmaybedirectedalongthedottedarrowbetweendrainregionandchargestorage 

regionSDO.Forexampletheintrinsicelectricfieldmaycausechargecarrierstoflowalongthe 

dottedarrowandanextrinsicelectricfieldinducedbyacontrolsignalbeingappliedtotransfer 

gateREJorSTOmaycausethechargecarrierstoflowtodrainregionDorchargestorageregion 

SDOrespectively.  

[0105] FIG.1- 1Fisatopschematicviewofthepixel1- 112'accordingtosome 

embodiments.AsshowninFIG.1-iFcontactsmaybedisposedoverportionsofpixel1-112'.  
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Insomeembodimentsthecontactsmaybeconfiguredtoblockincidentphotonsfromreaching 

portionsofpixel1- 112' otherthanphotodetectionregionPPDand/orfromreaching 
S 

photodetectionregionsofneighbonngpixelsatobliqueanglesofincidence.Forexamplethe 

contactsmaybeelongatedinadirectionparalleltotheopticalaxisalongwhichphotodetection 

PPDisconfiguredtoreceiveincidentphotons.Insomeembodimentsthecontactsmaybe 

formedusinganopaquematerialsuchastungsten.Theinventorshaverecognizedthatcontacts 

describedhereinpreventmanyorallincidentphotonsfromreachingchargestorageregionsSDO 

andSD1alongopticalpathsotherthantheopticalaxistherebypreventingtheincidentphotons 

fromgeneratingnoisechargecarriersinchargestorageregionsSDOandSD1.  

[0106] InFIG.1-iFapairofcontactsisdisposedonoppositesidesofphotodetection 

regionPPDwithafirstcontactofthepairdisposedclosertotheapexofthetriangularopening 

ofthemaskandasecondcontactofthepairdisposedclosertothebaseofthetriangularopening 

ofthemask.Thesecondcontactmaybeconfiguredtoblockincidentphotonsfromreaching 

chargestorageregionsSDOandSD1. Athirdcontactisdisposedatanendofpixel1-112 

oppositetheendatwhichphotodetectionregionPPDisdisposed.Thefirstandthirdcontactsare 

disposedbetweenthepixel1-112andrespectiveneighboringpixelsandthesecondcontactis 

positionedbetweenphotodetectionregionPPDandtransfergatesSTOandREJ.Itshouldbe 

appreciatedthatinsomeembodimentsthepairofcontactsonoppositesidesofphotodetection 

regionPPDmaybereplacedwithatleastonecontactwallthatatleastpartiallysurrounds 

photodetectionregionPPDsuchasasinglecylindricalcontactwall.  

[0107] FIG.1-1Gisacross-sectionalviewofanalternativeexamplepixel2-112,which 

embodimentspixel2-112maybeconfiguredinthemannerdescribedforpixel1-112in 

connectionwithFIGS.1-lA-1-iF.ForexampleasshowninFIG.1-iGregionFDanddrain 

regionDandtransfergateseachofwhichmaybeconfiguredinthemannerdescribedforpixel 
1-112.Pixel2-112furtherincludeschargestorageregion5D2 S 

electncallycoupledbetween 

chargestorageregionSD1andreadoutregionFD.TransfergateSTimayelectricallycouple 

chargestorageregionSDOtochargestorageregionSD1. Forexampletransferchannelsmay 

electricallycouplechargestorageregionSD1tochargestorageregion5D2andchargestorage 

region5D2toreadoutregionFD.InFIG.1-iGtransfergateTXOisconfiguredtocontrola 

transferofchargecatersfromchargestorageregionSD1tochargestorageregion5D2and 

transfergateTX1isconfiguredtocontrolatransferofchargecarriersfromchargestorage 

region5D2toreadoutregionFD.  
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[0108] FIG.1-1Hisacircuitdiagramofpixel2-112,accordingtosomeembodiments.  

AsshowninFIG.1- 1HthetransferchannelelectricallycouplingchargestorageregionSD1to 

chargestorageregionSD2isachannelofatransistorhavingtransfergateTXOandthetransfer 

channelelectricallycouplingchargestorageregionSD2toreadoutregionFDisachannelofa 

transistorhavingtransfergateTX1. Theothertransistorsofpixel2-112showninFIG.1-1H 

suchasthetransistorhavingresetgateRSTandthetransistorhavingrowselecttransfergateRS 

maybeconfiguredinthemannerdescribedforpixel1-112inconnectionwithFIGS.1-3Aand 

1-3B.Forexampleanarrayofpixels2-112maybearrangedinaconfigurationwithprocessing 

circuitryasdescribedhereinforpixel1-112inconnectionwithFIGS. 1-3Band1-3C.  

[0109] FIG.1-11isatopviewofpixel2-112', whichmaybeincludedinintegrated 

device1-102,accordingtosomeembodiments.Insomeembodimentspixel2-112'maybe 

configuredinthemannerdescribedhereinforpixel1-112'. Forexamplephotodetectionregion 

PPDofpixel2-112'maybeconfiguredtoinduceanintnnsicelectricfieldinthedirectionfrom 

photodetectionregionPPDtowardchargestorageregionSDOanddrainregionD.  

[0110] III. Integrated Device Calibration Using Photobleaching Information 

[0111] Aspectsofthetechnologydescribedhereinrelatestotechniquesforcalibratingan 

integrateddeviceand/oroneormorecomponentsthatinteractwiththeintegrateddeviceusing 

photobleachinginformationobtainedfromareferencedye.Forexampletheintegrateddevice 

maybepartofasystemthatfurthercomprisesatleastoneexcitationsource.Thecalibration 

techniquesdescribedhereinmaybeusedtocalibratethesystemcomprisingtheintegrated 

integrateddeviceusingphotobleachinginformationaccordingtosomeembodiments.  

[0112] Atact202asamplemoleculemaybelabeledwithareferencedye.Forexample, 

thereferencedyemaycompriseafluorescentmoleculethatemitsemissionlightinresponseto 

excitationbylightfromatleastonelightsource.Thereferencedyemoleculemaybeofatype 

thatbindstoaparticularsamplemoleculesuchthatcharacteristicsoftheemissionlightemitted 

bythereferencedyemoleculemaybeusedtoidentifythesamplemoleculetowhichthe 

referencedyemoleculeisbound.  

[0113] Atact204,thedye-labeledsampleisloadedintooneormorereactionchambers.  

Forexampleinsomeembodimentsmultiplereferencedyesofthesametypeareloadedintoa 

pluralityofreactionchamberstoevaluatedifferencesinsignalsreceivedfromthepluralityof 

reactionchambers.Insomeembodimentsthesamplemoleculemaybelabeledwiththe 

referencedyeafterthesamplemoleculeisloadedintothereactionchambersasaspectsofthe 

technologydescribedhereinarenotlimitedinthisrespect.  
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[0114] FIG.3-1illustratesasamplemolecule309labeledwithareferencedye310 

attachedtoasurface306,accordingtosomeembodiments.FIG.3-2illustratesadye-labeled 

sampleattachedinareactionchamberaccordingtosomeembodiments.InparticularinFIG.3

2asamplemolecule309comprisingachainofaminoacids(phenylalanine(F),tryptophan(W), 

tyrosine(Y),leucine(L),andserine(S))isloadedintothereactionchamber308.Thesample 

molecule309islabeledwithareferencedyemolecule310.ACMOSchip314comprising 

photoniccomponents312forcollectingsignalsemittedbythereferencedyemolecule310may 

beprovidedasdescribedhereinwithreferencetotheintegrateddeviceoverview.  

[0115] Act204maybeperformedwhilethereactionchamber(s)isnotbeingilluminated 

withexcitationlight.Itshouldbeappreciatedthatinsomeembodimentsmultipledye-labeled 

samplemoleculesmaybeloadedintoapluralityofreactionchambersatact204.  

[0116] Insomeembodimentsthesamplemoleculewiththereferencedyemaybeloaded 

intoareactionchamberaloneandamoleculetobesequencedmaybeloadedintothereaction 

chamberthereafter.Insomeembodimentsthemoleculewiththereferencedyemaybeloaded 

intothereactionchambertogetherwiththemoleculetobesequencedsubsequentto S 

thecalibrationprocess.Insomeembodimentsthereferencedyemaybeattachedtothe 

moleculetobesequenceditselfandthereferencedyemaybecleavedpriortoperforming 

sequencing.Insomeembodimentsthereferencedyemaybeafreelydiffusingdyemolecule 

whichneednotbeattachedorotherwiseimmobilizedinthereactionchamber.Insome 

embodimentsthereferencedyemaybeloadedintoareactionchamberaspartofthesurface 

chemistrypreparationofthechip.Thusaspectsofthetechnologyarenotlimitedtothe 

embodimentsact202mayincludetechniquesaredescribedinU.S.Pat.ApplicationNo.  

17/082,906,filedOctober28,2020,titled"METHODSOFPREPARINGSAMPLESFOR 

MULTIPLEXPOLYPEPTIDESEQUENCING"underAttorneyDocketNumber 

R0708.70077U501, whichisincorporatedbyreferenceinitsentirety.  

[0117] Atact206,thereactionchamber(s)isilluminatedwithexcitationlightfroma 

lightsource(e.g.,alaser).Inparticularatact206thereactionchamber(s)maybeilluminated 

withexcitationlightperiodically(e.g.,byunblockingthelightsourcerecouplingthelight 

sourceintothechipand/orincreasingthepowerdeliveredbythelightsourceinatimethatis 

fastrelativetoacharacteristicbleachingtimeofthesystem).ForexampleFIG.4illustratesan 

examplegraph400illustratinglightsourceexcitationpowerovertimeaccordingtosome 

embodiments.Theexcitationlightmaybedeliveredtothereactionchambersuntilthereference 

dyehasbeenbleachedinsomeembodiments.Insomeembodimentsdeliveryoftheexcitation 
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particularconfigurationofthereferencedyeinthereactionchamber.Accordingtosome
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lighttothereactionchambersmaybecontrolledtoavoidbleachingthereferencedyemolecules.  

Furtherdiscussionofphotobleachingreferencedyemoleculesisprovidedherein.  

[0118] Atact208,timetracesarerecordedwhichshowthebleachingstepforthe 

reactionchamberscontainingthesamplemolecule(s)illuminatedatact206.ForexampleFIG.  

5-1illustratesanexamplegraph500illustratingmeasuredsignalfromareferencedyeovertime 

accordingtosomeembodiments.AsshowninFIG.5-1, themeasuredsignalincreasesin 

intensityandsubsequentlydropsinintensityafteraperiodoftime.Thetimeperiodbetweenthe 

measuredsignal'sriseanddropinintensitymaybeequatedtothebleachingtimeofthe 

referencedyemolecule.  

[0119] Atact210,itisdeterminedwhetherthereareadditionalexcitationpathstoexcite.  

Ifatact210,itisdeterminedthatthereareadditionalexcitationpathstoexcitetheprocess200 

returnsthroughtheyesbranchtoact206toilluminateadditionalreactionchamberswiththe 

additionalexcitationpaths.Ifatact210itisdeterminedthattherearenoadditionalexcitation 

pathstheprocess200mayproceedthroughthenobranchtoact212.  

[0120] Atact212referencemetricsmaybestored.Forexamplethereferencemetrics 

mayincludethetimetracesthatshowableachingstepobtainedatact208.ForexampleFIG.5

2illustratesexamplehistogramsofmeasuredbleachingtimeanddyeintensityforacollectionof 

singlemoleculesinreactionchambersaccordingtosomeembodiments.Graph502illustratesa 

histogramofmeasuredbleachingtimesforacollectionofsinglemoleculereferencedyesloaded 

inthereactionchambersoftheintegrateddevice.AsshowninFIG.5-2,themedianbleaching 

timeforthecollectionofsinglemoleculereferencedyesis5.8seconds.Graph504illustratesa 

referencedyesloadedinthereactionchambersoftheintegrateddevice.Insomeembodiments, 

thebleachingtimesmaybedeterminedbasedatleastinpartonmeasuredsignalintensities.For 

examplethemeasuredsignalintensitymayindicateapeakandthetimeperiodbetween 

reachingthepeakintensityandadropfromthepeakintensitymaybeequatedtothebleaching 
S 

time.  

[0121] Thereferencemetricsmayincludeinformationderivedfrominformation 

obtainedatact208.Insomeembodimentsthereferencemetricsmayincludeareference 

excitationintensityformolecule(s)inareactionchamber(s)whichmaybedeterminedbasedon 

thecharacteristicbleachingtime.Forexampleanexponentialdistributionofbleachingtime 

followsasexp(-t/-c)whereinTisacharacteristicbleachingtime.Foracollectionofsingle 

moleculesthemedianbleachingtimedividedbyln(2)providesanestimateofthecharacteristic 
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bleachingtimetin Afastercharacteristicbleachingtimemayresultfromahigherexcitation 

intensityandviceversa.  

[0122] Atact2l4,sequencingparametersmaybeadjustedbasedonthereference 

metrics(e.g.,characteristicbleachingtimeexcitationintensity).Insomeembodimentsthe 

powerofalaserdeliveringexcitationlighttothereactionchambersmaybeadjusted.For 

exampleinsomeembodimentslaserpowermaybedecreasedinviewofarelativelyfast 

characteristicbleachingtime.Thelaserpowermaybedecreasedinsomeembodimentsto 

ensurethatexcitationintensityduringsubsequentsequencingapplicationsdoesnotexceeda 

targetvalue.Assuchthereadlengthforsequencingapplicationsmaybeimprovedwhere 

photodamagemaybeafactorinthelongevityofthesequencingreaction.  

[0123] Insomeembodimentsconfigurationoftheintegrateddevicemaybeadjusted 

basedonthereference S 

metncs.Forexampletheinventorshaverecognizedthatdifferencesin 
reactionchambersmaycausecharacteristicbleachingtimesofreferencedyetovarybetween 

differentreactionchambers.Assuchtheconfigurationofreactionchambersphotodetectors 

and/oralightsourcedeliveringexcitationlighttothepixelsmaybeadjustedbasedonthe 

referencemetrics.Forexampleforreactionchamberswithrelativelyfastbleachingtimesthe 

intensityand/ordurationoftheexcitationlightdeliveredtothereactionchambersmaybe 

decreased.  

[0124] Insomeembodimentsthebleachinginformationmaybeusedtoidentifya 

numberofreferencedyemoleculesinareactionchamber.Forexampleinembodimentswhere 

excitationlightisdeliveredtotheoneormorereferencedyemoleculesuntilthereferencedye 

intensityofthesignalcollectedfromthereactionchamber(e.g.,emittedfromoneormore 

referencedyemolecules)overtime.Photobleachingofonereferencedyemoleculemaybe 
S 

representedbyasinglestepinintensity(e.g.,acharactensticdropintheintensityofthesignalat 

apointintime).Insomeembodimentsthecharacteristicdropintheintensityofthesignalmay 

besubstantiallyequaltotheintensityofthesignalemittedbythereferencedyemoleculeprior 

tobleaching.Specificallyafterbleachingthereferencedyemoleculenolongeremitsasignal 

resultinginthesinglestepdecreaseinintensitysubstantiallyequaltotheintensityofthesignal 

emittedbythereferencedyemoleculepriortobleaching.  

[0125] Ifasinglebleachingstepisobserved(e.g.,asrepresentedbythechangeinsignal 

intensityobservedovertime),itmaybedeterminedthatasinglereferencedyemoleculehas 

bleachedandthereforethatasinglereferencedyemoleculeispresentinthereactionchamber 

fromwhichsignaliscollected.Iftwoormorebleachingstepsareobserveditmaybe 
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determinedthatmultiplereferencedyemoleculeshavebeenloadedintoareactionchamber.The 

numberofreferencedyemoleculesdeterminedtobeloadedinthereactionchambermaybe 

consideredasaproxyfordeterminingthenumberofbiomoleculesofthesamplepresentinthe 

reactionchamber.Insomeembodimentsthemeasureofthenumberofsamplemoleculesina 

reactionchambermaybeusedtoincludeorexcludecertainreactionchambersfromsubsequent 
S 

analysis.Furtherdescriptionofusingphotobleachingtodetermineameasureofquantitative 

loadingisprovidedherein.  

[0126] Subsequenttoperformingthecalibrationprocess200,theintegrateddevicemay 

beusedtocollectandanalyzesignalsfrommoleculesdisposedinthereactionchamber(s).For 

exampleFIG.6illustratesasequencingreactioninareactionchamberwhichmaybeperformed 

subsequenttothecalibrationprocess200,accordingtosomeembodiments.Thesequencing 

reactionshowninFIG.6mayincludeattachmentofreferencedyemolecules3iGA,3lOBtoa 

sample309inareactionchamber308.Asdescribedhereinthereferencedyemoleculesmaybe 

ofaparticulartypeforexamplebindingtoaparticulartypeofsamplemolecule.Forexample, 

referencedyemolecule31OAselectivelybindsonlytoafirsttypeofaminoacids(e.g.,Leucine 

denotedLinFIG.4-1)whilereferencedyemolecule3lOBselectivelybindstoasecondtypeof 

aminoacid(e.g.,PhenylalanineTyrosineandTryptophan, respectivelydenotedFYandWin 

FIG.4-1).Subsequenttosamplingthesamplemolecule309(e.g.,bydeliveringexcitationlight 

tothereactionchamber308andcollectingsignalsemittedfromtheboundreferencedye 

molecule3iGA,3lOB),cleavageofthesamplemoleculeand/orthereferencedyemolecules 

31OA,3lOBboundtheretomaybeperformedwithcleavingmolecules316.Thesample 

bindingreceivingemissionsignalsandcleavingmayberepeatedmultipletimesforasingle 

samplemoleculeand/orreactionchamber.Insomeembodimentsthecalibrationtechniques 

describedhereinmaybeusedtocalibrateasystemcomprisinganintegrateddevicethatis 

configuredforuseinproteinand/orDNA/RNAsequencingapplications.  

[0127] Thecalibrationtechniquesdescribedhereinmaybeusedincombinationwithany 

suitablesamplingtechniquetobeperformedsubsequenttocalibration.Forexampleinsome 

embodimentsthecalibrationtechniquesdescribedhereinmaybeusedincombinationwith 

techniquesforsamplemultiplexingasdescribedininU.S. Pat.ApplicationNo.63/105,185, 

filedOctober23,2020,titled"SYSTEMSANDMETHODSFORSAMPLEPROCESS 

SCALING"underAttorneyDocketNumberR0708.7011211500,whichisincorporatedby 

referenceinitsentirety.  
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Iv. Quantitative Loading 
[0128] ___________________ 

[0129] Asdescribedhereinsomeaspectsrelatetosystemsandmethodsfordetermining 

ameasureofquantitativeloadingofoneormorereactionchambersoftheintegrateddevice.For 

exampletheinventorshaverecognizedthatitwouldbeadvantageoustodetermineinreal-time 

(e.g.,duringtheloadingprocess)ameasureofquantitativeloadingofoneormorereaction 

chambersoftheintegrateddevice.Themeasureofquantitativeloadingmay S 

indicationofhowmanybiomoleculesarepresentinareactionchamber(e.g.,whetherthe 

reactionchamberisemptysinglyloadeddoublyloadedormulti-loadedwithmorethantwo 

biomolecules).Insomeembodimentsthemeasureofquantitativeloadingmaycomprisean 

indicationofthepercentagereactionchambersbeingsinglyloaded(oranyotherdegreeloaded 

desired).  

[0130] FIG.7illustratesanexampleprocess700forquantifyingloadingofoneormore 

reactionchambersaccordingtosomeembodiments.Theprocess700maybeginatact702 

wheretheintegrateddeviceisloadedwithasample.Thesamplemaycompriseapluralityof 

biomolecules.Thepluralityofbiomoleculesmaybeofanysuitabletype.Forexamplethe 

pluralityofbiomoleculesmaycomprisebiomoleculesdesiredtobeidentifiedthrough 

sequencing.Insomeembodimentsthepluralityofbiomoleculescomprisepeptides.Insome 

embodimentsthepluralityofbiomoleculescomprisenucleicacids(e.g.,ribonucleicacid, 

deoxyribonucleicacid).  

[0131] Thepluralityofbiomoleculesmaybelabeledwithfluorescentlabelmolecules 

(alsoreferredtohereinasreferencedyemolecules).Insomeembodimentsthepluralityof 

embodimentsthepluralityofbiomoleculesmaybeunlabeledatthetimeofloadingand 

fluorescentlabelmoleculespreviouslyorsubsequentlyloadedontotheintegrateddevicemay 

bindtothepluralityofbiomolecules.  

[0132] Insomeembodimentsafluorescentlabelmoleculemaybeattacheddirectlyto 

thebiomoleculeitself.Thefluorescentlabelmoleculemaybecovalentlyattachedtothe 

biomoleculeornon-covalentlyattachedtothebiomolecule(e.g.,viaalinkerorstreptavidin).In 

someembodimentsthefluorescentlabelmoleculemaybeloadedintothereactionchamberas 

partofthesurfacechemistrypreparationofthechip.Insomeembodimentsthefluorescentlabel 

moleculeisreversiblyboundtothebiomoleculeasdescribedfurtherherein.Thusaspectsof 

thetechnologyarenotlimitedtotheparticularconfigurationofthefluorescentlabelmoleculein 

thereactionchamber.Accordingtosomeembodimentsact702mayincludetechniquesare 

describedinU.S.Pat.ApplicationNo.17/082,906,filedOctober28,2020,titled"METHODS 
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OFPREPARINGSAMPLESFORMULTIPLEXPOLYPEPTIDESEQUENCINGunder 

AttorneyDocketNumberR0708.70077US01,whichisincorporatedbyreferenceinitsentirety.  

[0133] Insomeembodimentsthefluorescentlabelmoleculecomprisesan 

oligonucleotide.Theoligonucleotidemaybecovalentlyattachedtothebiomolecule.Insome 

embodimentstheoligonucleotideishybridizedtoacomplementaryoligonucleotidethatis 

covalentlyattachedtothebiomolecule.  

[0134] Thefluorescentlabelmoleculemaybeseparatedfromthebiomolecule(e.g.,via 

oneormorespacers)byaminimumdistance(e.g.,morethan1nmmorethan2nmmorethan 

5nm,5-10nmmorethan10nm,10-15nmmorethan15nm,15-20nmmorethan20nm).  

Separatingthefluorescentlabelmoleculefromthebiomoleculebyaminimumdistancemay 
S S 

preventdamageoccumngtothebiomoleculedunngthequantitativeloadingdetermination(e.g., 

duringphotobleaching).  

[0135] Atact704excitationlightmaybedeliveredtooneormorereactionchambersof 

theintegrateddevice.Theexcitationlightmaybegeneratedviaatleastoneexcitationsource 

(e.g.,alaser),asdescribedherein.Theexcitationlightmaybedeliveredtoallofthereaction 

chambersoftheintegrateddeviceoraportionthereof.  

[0136] Theexcitationlightcausesanyfluorescentlabelmoleculesboundto 

biomoleculesinthereactionchamberstoexciteandemitexcitationlight.Atact706,asignal 

emittedbytheoneormorereferencedyemoleculesfromtherespectivereactionchambersin 

responsetotheexcitationlightmaybeobtained.  

[0137] Forexampletheemissionlightmaybecollectedbyoneormorephotodetection 

photodetectionregionforeachreactionchamber.Insomeembodimentsmultiplephotodetection 

regionsmaybeprovidedforasinglereactionchamber.Insomeembodimentsmultiplereaction 

chambersmaycorrespondtoasinglephotodetectionregion.  

[0138] Atact708,themeasureofquantitativeloadingmaybedeterminedbasedonthe 

emittedsignalobtainedatact706.Asdescribedhereinthemeasureofquantitativeloadingmay 

compriseanindicationofhowmanybiomoleculesarepresentinareactionchamber(e.g., 

whetherthereactionchamberisemptysinglyloadeddoublyloadedormulti-loadedwithmore 

thantwobiomolecules).Insomeembodimentsthemeasureofquantitativeloadingmay 

compnseanindicationofthepercentagereactionchambersbeingsinglyloaded(oranyother 

degreeloadeddesired).  

[0139] Insomeembodimentsdeliveringtheexcitationlighttotheoneormorereaction 

chambersoftheintegrateddevicecomprisesphotobleachingtheoneormorefluorescentlabel 
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moleculesandthemeasureofquantitativeloadingisdeterminedbasedonanumberof 

photobleachingstepsrepresentedintheemittedsignal(e.g.,anumberofphotobleachingsteps 

thatmaybeobservedintheemittedsignal).Forexamplethereactionchamber(s)maybe 

illuminatedwithexcitationlightasastepfunction(e.g.,byunbiockingthelightsource 

recouplingthelightsourceintothechipand/orincreasingthepowerdeliveredbythelight 

sourceinatimethatisfastrelativetoacharacteristicbleachingtimeofthesystem).The 

excitationlightmaybedeliveredtothereactionchambersuntilthereferencedyehasbeen 

bleached.FIGS. 8-1, 8-2,and8-3illustratesexampletracesobtainedfromchambershaving 

fluorescentlabelmoleculesbeingphotobleachedatact704.Inotherembodimentssignals 

emittedbytheoneormorereferencedyesinthereactionchambersmaybeobtainedwithout 

performingphotobleaching.  

[0140] FIG.8-1illustratesanexampletrace800Afromachiploadingprocessthat 

representsasingleloadedwellaccordingtosomeembodiments. AsshowninFIG.8-1, signal 

intensityoveraperiodoftimeisplotted.Whenexcitationlightisfirstdeliveredtothereaction 

chambertheintensityofasignalreceivedfromthereactionchambermayrisetoapeak.  

Subsequenttodeliveringexcitationlighttothereactionchambers(e.g.,byturningalight 

sourcesuchasalaseron),asinglestepinintensity(e.g.,acharacteristicdropintheintensityof 

thesignalatapointintime)canbeseeninFIG.8-1. InsomeembodimentsasdepictedinFIG.  

8-1, thecharacteristicdropintheintensityofthesignalmaybesubstantiallyequaltothe 

intensityofthesignalemittedbythereferencedyemoleculepriortobleaching.Afterbleaching, 

thereferencedyemoleculenolongeremitsasignalresultinginthesinglestepdecreasein 

asinglefluorescentlabelinthereactionchamberandthereforeasinglebiomolecule.  

[0141] FIG.8-2illustratesanexampletraceSOOBfromachiploadingprocessthat 

representsadoublyloadedwellaccordingtosomeembodiments.AsshowninFIG.8-2,the 

signalcomprisestwostepsinsignalintensityindicatingthepresenceoftwofluorescentlabel 

moleculesandthereforetwobiomoleculesinthereactionchamber.  

[0142] FIG.8-3illustratesanexampletrace800Cfromachiploadingprocessthat 

representsamulti-loadedwellaccordingtosomeembodiments.AsshowninFIG.8-3,the 

signalcomprisesthreestepsinsignalintensity(threecharacteristicdropsinintensityofthe 

receivedsignal)indicatingthepresenceofthreefluorescentlabelmoleculesandthereforethree 

biomoleculesinthereactionchamber.  

33 

intensityshowninFIG.5-1. AccordinglythesignalshowninFIG.8-1indicatesthepresenceof



WO20221093861 PCT/IJS2021/056707 

[0143] Insomeinstancesnophotobleachingstepsmaybeobserved.Accordinglyit 

maybedeterminedbasedonthelackofphotobleachingobservedthatnobiomoleculesare 

presentinthereactionchamber.  

[0144] Insomeembodimentsasignalmaybeobtainedfromthereactionchamber 

withoutphotobleachingfluorescentlabelmoleculespresentinthereactionchamber.Insuch 

embodimentsthenumberoffluorescentlabelmoleculesandthereforethenumberof 

biomoleculespresentinthereactionchambermaybedeterminedbyarelativeintensityofthe 

signalobtainedfromthereactionchamber.  

[0145] Insomeembodimentsthefluorescentlabelmoleculemayreversiblybindtothe 

biomoleculeorasecondarybiomoleculeattachedthereto.Forexamplethesecondary 

biomoleculemaycompriseanN-terminalaminoacidrecognizer(e.g.,aClpSUBRboxetc.).  

Insomeembodimentsthesecondarybiomoleculeisanoligonucleotide.Insomeembodiments 

theoligonucleotideiscapableofreversiblehybridizationtothebiomoleculeoran 

oligonucleotideattachedthereto.  

[0146] Thebindingonandoffofthefluorescentlabelmoleculetothebiomoleculemay 

beexpressedbytheonandoffpulsingofthefluorescentlabelmolecule.Inparticularwhenthe 

fluorescentlabelmoleculeisboundtothebiomoleculeandexcitedwithexcitationlightthe 

fluorescentlabelmoleculeemitsemissionlightthatmaybecollectedbyoneormore 

photodetectionregions.Whennotboundthefluorescentlabelmoleculemaynotemitemission 

light.Thefluorescentlabelmoleculemayfollowaperiodicbindingpatterntothebiomolecule.  

Assuchthefluorescentlabelmoleculegeneratesaperiodicpulsingpatternthatcanbedetected 

[0147] FIG.9illustratesaperiodicpulsingpatternoffluorescentmoleculesreversibly 

boundtoabiomoleculeaccordingtosomeembodiments.Plots902and904illustrateexamples 
ofpulsesdetectedbyoneormorephotodetectionregions S 

dunngasinglepulsingperiodT.  

[0148] Plots902and904illustrateexamplesofadoublyloadedwellhavingtwo 

biomoleculesandrespectivefluorescentlabelsreversiblyboundthereto.Thereforetwopulses 

aredetectedduringthepulsingperiodT.Intheillustratedembodimentofplot902,thetwo 

fluorescentlabelmoleculesbindtotherespectivebiomoleculesatsubstantiallythesametime 

duringperiodT.Thereforeasinglecompositepulsecomprisedofrespectivepulsesfromeach 

ofthetwofluorescentlabelmoleculesisdetectedintheperiodThavingintensity21.Inthe 

illustratedembodimentofplot904,thetwofluorescentlabelmoleculesbindtotherespective 

biomoleculesatdiscretetimesduringperiodT.AccordinglytwopulseshavingintensityIare 

detectedintheperiodT.  
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[0149] Althoughtheillustratedembodimentsgiveexampleswhereareactionchamberis 

doublyloadedwithtwobiomoleculesthetechniquesdescribedhereinmaylikewisebeusedto 

detectthepresenceofasinglebiomoleculemorethantwobiomoleculesorthelackofany 

biomoleculesinareactionchamberbydeterminingtheintensityofpulsesemittedfromthe 

reactionchamberduringapulsingperiodT.Thepulsingperiodandintensityofthepulsesmay 

bedeterminedbasedonacharacteristicpulsewidthandintensityofthefluorescentlabel 

moleculebeingreversiblyboundtothebiomolecules.  

[0150] FIG.9illustrateshowthetimingandintensityofpulsescanbedetectedandused 

todetermineanumberoffluorescentlabelmoleculesinareactionchamberbeingboundtoa 

biomoleculeduringarespectivepulsingperiodTandthereforeanumberofbiomolecules 

currentlypresentinareactionchamber.Accordinglyact708ofprocess700maybeperformed 

usingreversiblebindingmoleculesasdescribedherein.  

[0151] Turningbacktoprocess700,theprocess700mayproceedafterdeterminingthe 

measureofquantitativeloadingbasedontheemittedsignaltoact710.Atact710itis 

determinedwhethertocontinueloading.Thedeterminationtocontinueorterminateloading 

maybedetemuiinedbasedonthemeasureofquantitativeloadingdeterminedatact710.  

[0152] Forexampleinsomeembodimentsoperationoftheintegrateddevicemaybe 

optimizedbasedonthemeasureofquantitativeloading.Insomeembodimentsthemeasureof 

quantitativeloadingmaybeusedtoadjusthowloadingofthesampleontotheintegrateddevice 

isperformed.Insomeembodimentsthemeasureofquantitativeloadingmaybeusedto 

determinewhetheranoptimalnumberofreactionchambershavebeenloadedwithadesired 

suchthatthemeasureofquantitativeloadingisusedtodeterminewhetheranoptimalnumber 

(e.g.,amaximum)ofreactionchambersaresinglyloaded.  

[0153] Iftheoptimalnumberofloadedreactionchambershasnotbeenreachedas 

indicatedbythemeasureofquantitativeloadingadditionalloadingmaybeperformed.For 

exampletheprocess700mayloopbacktoact702whereadditionalsampleisloadedontothe 

integrateddevice.  

[0154] Insomeembodimentsthemeasureofquantitativeloadingmaybeusedtoadjust 

anamountofadditionalsamplethatisloadedontotheintegrateddeviceatsubsequentloading 

steps.Forexamplethesamplemaycompriseaparticularconcentrationofbiomolecules.The 

measureofquantitativeloadingmaybeusedtodeterminewhethertoincreaseordecreasethe 

concentrationofbiomolecules.Forexampleifitisdeterminedthattheoptimalnumberof 
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singlyloadedreactionchambershasnotbeenmetadditionalloadingmaybeperformedwithan 

additionalsamplehavingahigherconcentrationofbiomoleculesthantheinitialsample.  

[0155] Insomeembodimentsthemeasureofquantitativeloadingmaybeusedtoadjust 

howsignalsfromthereactionchambersareprocessedforsubsequentanalysis.Forexample, 

whenareactionchamberisdeterminedtobeemptydoublyloadedormulti-loadeditmaybe 

determinedtodisregardsignalsfromthesereactionchamberseitherbynotperforming 

sequencingonthesereactionchambersornotprocessingsignalsreceivedfromthesereaction 

chambers.  

[0156] Insomeembodimentsthemeasureofquantitativeloadingmaybeusedtoinform 

futureoperationoftheintegrateddevice.Forexamplethemeasureofquantitativeloadingmay 

beusedtoadjusthowloadingofasampleontotheintegrateddeviceisperformedinthefuture 

(e.g.,whatconcentrationofbiomoleculesispresentinthesamplehowlongtoperformloading, 

atwhatratetoperformloadingetc.).  

[0157] Whenitisdeterminednottocontinueloadingatact710,theprocess700may 

proceedtoact712whereloadingisterminated.Forexampleinsomeembodimentstermination 

maybeperformedbyremovingwashingand/orreplacingofthesolutioncontainingnon

immobilized(e.g.,unbound)peptides.Insomeembodimentsterminationmaybeperformed 

autonomously.  

[0158] Insomeembodimentsterminatingloadingmayincluderemovingthefluorescent 

labelmoleculefromthereactionchamber.Insomeembodimentsthefluorescentlabelmolecule 

mayberemovedbyachemicalcleavageprocess.Insomeembodimentsthefluorescentlabel 

[0159] Asdescribedhereintheprocess700maybeperformedcontinuously.Insome 

embodimentstheprocess700maybeperformedautonomouslyforexampleusingsoftware.  

Thismayallowforcontinuousmonitoringofthenumberoflabeledbiomoleculesineach 

reactionchamber.Asoftwareanalysisprocessmaymonitortheloadinginrealtime.For 

examplethesoftwareanalysismaydetectsignalpulses/photobleachingstepsasdescribed 

herein.  

[0160] Insomeembodimentsoneormoredifferenttypesoffluorescentlabelmolecules 

areprovidedtothebiomolecules.Forexampleafirsttypeoffluorescentlabelmoleculeanda 

secondtypeoffluorescentlabelmoleculemaybeprovidedforbindingtothebiomolecules.  

[0161] Insomeembodimentsmaygeneratea"heatmapofreactionchambersto 

visuallyillustrateapercentageoftheintegrateddevice(e.g.,apercentageofreactionchambers) 
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loadedwithoneormorebiomolecules.FIG.10illustratesanexampleheatmapofreaction 

chambersillustratingpercentloadingaccordingtosomeembodiments.  

[0162] Insomeembodimentsthemeasureofquantitativeloadingmayonlybeobtained 

foraportionoftheintegrateddevice(e.g.,aportionofallreactionchambersoftheintegrated 

device).Themeasureofquantitativeloadingmaybeextrapolatedtotheremainingreaction 

chambersoftheintegrateddevicetoobtainanextrapolatedmeasureofquantitativeloadingfor 

theentireintegrateddevice(orotherportionstherefore).  

[0163] Insomeembodimentssequencingofthesamplemaybeperformedsubsequentto 

performingthecalibrationandquantitativeloadingtechniquesdescribedherein(e.g.,atact714 

ofprocess700).Forexamplethecalibrationandquantitativeloadingtechniquesmaybeusedin 

combinationwithtechniquesforsampleidentificationusingmachinelearningforexampleas 

describedininU.S. Pat.ApplicationNo.16/900,582,filedJune12,2020,titled 

"TECHNIQUESFORPROTEINIDENTIFICATIONUSINGMACHINELEARNINGAND 

RELATEDSYSTEMSANDMETHODS"underAttorneyDocketNumberR0708.70063U501, 

whichisincorporatedbyreferenceinitsentirety.  
V. Equivalents and Scone 

[0164] ____________________ 

[0165] Havingthusdescribedseveralaspectsandembodimentsofthetechnologyofthe 

presentdisclosureitistobeappreciatedthatvariousalterationsmodificationsand 

improvementswillreadilyoccurtothoseofordinaryskillintheart.Suchalterations 

modificationsandimprovementsareintendedtobewithinthespiritandscopeofthe 

arepresentedbywayofexampleonlyandthatwithinthescopeoftheappendedclaimsand 

equivalentsthereto, inventiveembodimentsmaybepracticedotherwisethanasspecifically 

described.Inadditionanycombinationoftwoormorefeatures, systemsarticlesmaterials, 

kitsand/ormethodsdescribedhereinifsuchfeaturessystemsarticlesmaterialskitsand/or 

methodsarenotmutuallyinconsistentisincludedwithinthescopeofthepresentdisclosure.  

[0166] Alsoasdescribedsomeaspectsmaybeembodiedasoneormoremethods.The 

actsperformedaspartofthemethodmaybeorderedinanysuitableway.Accordingly, 

embodimentsmaybeconstructedinwhichactsareperformedinanorderdifferentthan 

illustratedwhichmayincludeperformingsomeactssimultaneouslyeventhoughshownas 

5equentialactsinillustrativeembodiments.  

[0167] Alldefinitionsasdefinedandusedhereinshouldbeunderstoodtocontrolover 

dictionarydefinitionsdefinitionsindocumentsincorporatedbyreferenceand/orordinary 

meaningsofthedefinedterms.  
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'' I,, [0168] Theindefinitearticlesaand"an asusedhereininthespecificationandinthe 

claimsunlessclearlyindicatedtothecontraryshouldbeunderstoodtomeanatleastone.  

[0169] Thephraseand/or" asusedhereininthespecificationandintheclaimsshould 

beunderstoodtomeaneitherorboth"oftheelementssoconjoinedi.e3~ elementsthatare 
I.  

conjunctivelypresentinsomecasesanddisjunctivelypresentinothercases.  
1,~ [0170] Asusedhereininthespecificationandintheclaimsthephrase"atleastone in 

referencetoalistofoneormoreelementsshouldbeunderstoodtomeanatleastoneelement 

selectedfromanyoneormoreoftheelementsinthelistofelementsbutnotnecessarily 

includingatleastoneofeachandeveryelementspecificallylistedwithinthelistofelements 

andnotexcludinganycombinationsofelementsinthelistofelements.Thisdefinitionalso 

allowsthatelementsmayoptionallybepresentotherthantheelementsspecificallyidentified 

withinthelistofelementstowhichthephrase'atleastonereferswhetherrelatedorunrelated 

tothoseelementsspecificallyidentified.  

[0171] Intheclaimsaswellasinthespecificationabovealltransitionalphrasessuchas 
,, ''S comprising,'' ''including, carrying,'' ''having, containing, involving,'' ''holding, 

composedof" andthelikearetobeunderstoodtobeopen-endedi.e.,tomeanincludingbut 

notlimitedto.Thetransitionalphrasesconsistingof'and"consistingessentiallyof'shallbe 
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CLAIMS 

1. Amethodforcalibratingasystemcomprisinganintegrateddevicethemethod 

comprising.  

excitingwithlightfromatleastoneexcitationsourceareferencedyemolecule 

disposedinachamberoftheintegrateddevice 

obtainingasignalemittedbythereferencedyemoleculethesignalcontaining 

informationrepresentativeofableachingtimeofthereferencedyemoleculeand 

adjustingoneormorecharacteristicsofthesystembasedonthebleachingtimeofthe 

referencedyemolecule.  

2. Themethodofclaim1, whereintheoneormorecharacteristicscompriseapowerofthe 

atleastoneexcitationsource.  

33 Themethodofclaim2,whereintheadjustingcomprisesdecreasingthepoweroftheat 

leastoneexcitationsourcewhenthebleachingtimeofthereferencedyemoleculeislessthana 

thresholdtime.  

4. Themethodofanyoneofclaims1-3,whereinexcitingthereferencedyemolecule 

comprisesdeliveringlighttothechamberoftheintegrateddeviceatleastuntilthereferencedye 

5. Themethodofanyoneofclaims1-4,furthercomprisingdeterminingthebleachingtime 

ofthereferencedyemoleculebasedonthesignalemittedbythereferencedyemolecule.  

6. Themethodofclaim5,whereindeterminingthebleachingtimeofthereferencedye 

moleculecomprisesdeterminingadurationinwhichanintensityofthesignalemittedbythe 

referencedyemoleculeexceedsathresholdintensity.  

7. Themethodofanyoneofclaims1-6,furthercomprising.  

subsequenttoadjustingtheoneormorecharacteristicsofthesystem, operatingthe 

integrateddevicetoobtainasignalemittedbyasampledisposedinthechamberofthe 

integrateddevicewhereinthesignalemittedbythesamplecomprisesinformation 

representativeofatleastonecharacteristicofthesample.  
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8. Themethodofclaim7,furthercomprisingidentifyingthesamplebasedontheatleast 
S 

onecharactensticofthesample.  

9. Themethodofclaim8,whereinthesamplecomprisesapolypeptide.  

10. Themethodofclaim9,whereinidentifyingthesamplecomprisesidentifyingoneor 

moreaminoacidsofthesamplebasedatleastinpartontheinformationrepresentativeoftheat 

leastonecharacteristicofthesampleandidentifyingthepolypeptidebasedatleastinparton 

theoneormoreaminoacids.  

11. Themethodofclaim8,whereinthesamplecomprisesanucleicacidstrand.  

12. Themethodofclaim8,whereinidentifyingthesamplecomprisesidentifyingoneor 

morenucleotidesofthenucleicacidstrandbasedatleastinpartontheinformation 

representativeoftheatleastonecharacteristicofthesample.  

13. Themethodofanyoneofclaims1- 12, wherein: 

thechambercomprisesapluralityofchambers 

thereferencedyemoleculecomprisesapluralityofreferencedyemoleculesdisposedin 

respectiveonesofthepluralityofchambersand 

obtainingasignalemittedbythereferencedyemoleculecomprisesobtainingaplurality 

ofsignalsemittedbythepluralityofreferencedyemoleculewand 

representativeofbleachingtimesofthepluralityofreferencedyemolecules.  

14. Themethodofclaim13,whereinthepluralityofreferencedyemoleculescomprisesa 

samemolecule.  

15. Anintegrateddevicecomprising.  

atleastonechamberforreceivingareferencedyemolecule 

atleastonephotodetectionregionforreceivingasignalemittedbythereferencedye 

moleculewhenexcitedbylightfromatleastoneexcitationsourcethesignalcontaining 

informationrepresentativeofableachingtimeofthereferencedyemoleculeand 

atleastonecontrollerconfiguredtocontroladjustingofoneormorecharacteristicsofa 

systemcomprisingtheintegrateddevicebasedonthebleachingtimeofthereferencedye 

molecule.  
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16. Theintegrateddeviceofclaim15,whereintheoneormorecharacteristicscomprisea 

poweroftheatleastoneexcitationsource.  

17. Theintegrateddeviceofclaim16,whereintheatleastonecontrollerisconfiguredto 

controltheadjustingoftheoneormorecharacteristicsofthesystematleastinpartby 

decreasingthepoweroftheatleastoneexcitationsourcewhenthebleachingtimeofthe 

referencedyemoleculeislessthanathresholdtime.  

18. Theintegrateddeviceofanyoneofclaims15-17,whereintheatleastonecontrolleris 

furtherconfiguredtodeterminethebleachingtimeofthereferencedyemolecule.  

19. Theintegrateddeviceofclaim18, whereintheatleastonecontrollerisconfiguredto 

determinethebleachingtimeofthereferencedyemoleculeatleastinpartbydeterminingat 

durationinwhichanintensityofthesignalemittedbythereferencedyemoleculeexceedsa 

thresholdintensity.  

20. Amethodofmanufacturinganintegrateddevicecomprising: 

providingachamberonasubstrateoftheintegrateddevicethechamberbeing 

configuredforreceivingareferencedyemoleculeandpositionedonthesubstratesuchthatthe 

referencedyemoleculereceiveslightfromatleastonelightsource 

providingaphotodetectionregionpositionedadjacenttothechambersuchthatthe 

fromtheatleastonelightsourceisdeliveredtothereferencedyemolecule;and 

couplingatleastonecontrollertothephotodetectionregionsothattheatleastone 

controllerreceivesinformationcontainedbythesignalemittedbythereferencedyemolecule 

theinformationbeingrepresentativeofableachingtimeofthereferencedyemolecule.  

21. Amethodfordeterminingameasureofquantitativeloadingofasampleinanintegrated 

devicethemethodcomprising.  

excitingwithexcitationlightfromatleastoneexcitationsourceoneormorereference 

dyemoleculesthatduringtheexcitingwiththeexcitationlightareattachedtorespective 

biomoleculesofthesampleboundtoasurfaceofachamberofoneormorechambersofthe 

integrateddevices 
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obtainingasignalemittedbytheoneormorereferencedyemoleculesinresponsetothe 

excitationlight~and 

determiningbasedonthesignalemittedbytheoneormorereferencedyemoleculesthe 

measureofquantitativeloadingofthesample.  

22. Themethodofclaim21, whereinthesignalexpressesanintensityoflightemittedbythe 

oneormorereferencedyemoleculesoveraperiodoftime.  

23. Themethodofanyoneofclaims21-22,whereintheexcitingtheoneormorereference 

dyemoleculescomprisesphotobleachingtheoneormorereferencedyemolecules.  

24. Themethodofclaim23,furthercomprisingdetermininganumberofphotobleaching 

stepsinthesignalemittedbytheoneormorereferencedyemoleculesanddetermininga 

numberofrespectivebiomoleculesthatareboundtothesurfaceofthechamberbasedonthe 

numberofphotobleachingsteps.  

25. Themethodofanyoneofclaims21-24,whereinthemeasureofquantitativeloadingof 

thesamplecomprisesanumberoftherespectivebiomoleculesboundtoasurfaceofasingle 

chamberoftheoneormorechambers.  

26. Themethodofanyoneofclaims21-25,whereinthemeasureofquantitativeloadingof 

ofthesampleboundtoasurfaceofarespectiveoneoftheoneormorechambers.  

27. Themethodofanyoneofclaims21-26,furthercomprisingoptimizingoperationofthe 

integrateddevicebasedonthemeasureofquantitativeloading.  

28. Themethodofclaim27,whereinoptimizingoperationoftheintegrateddevicebasedon 

themeasureofquantitativeloadingcomprisesadjustinghowloadingofthesampleontothe 

integrateddeviceisperformed.  

29. Themethodofclaim28,whereinadjustinghowloadingofthesampleontothe 
S 

integrateddeviceisperformedcompnsesadjustingaconcentrationofbiomoleculesinthe 

sample.  
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30. Themethodofclaim28,whereinadjustinghowloadingofthesampleisperformed 

comprisesadjustinghowloadingofthesampleisperformedtomaximizeanumberoftheoneor 

morechambersthatcontainasinglebiomoleculeboundtoasurfacethereof.  

31. Themethodofclaim27,whereinoptimizingoperationoftheintegrateddevicebasedon 

themeasureofquantitativeloadingcomprisesexcludingsignalsfromatleastsomeoftheoneor 
S 

morechambersfromsubsequentanalysis.  

32. Themethodofanyoneofclaims21-31,furthercomprisingreloadingtheoneormore 

chamberswithadditionalsampleuntilanoptimalnumberoftheoneormorechamberseach 

containatleastoneandnomorethanonebiomoleculeboundtoasurfaceofarespectiveoneof 

theoneormorechambers.  

33. Themethodofclaim32,furthercomprisingusingthemeasureofquantitativeloadingto 

determinewhentheoptimalnumberoftheoneormorechamberseachcontainatleastoneand 

nomorethanonebiomoleculeboundtoasurfaceofarespectiveoneoftheoneormore 

chambers.  

34. Themethodofclaim33,furthercomprisingterminatingloadingwhentheoptimal 

numberoftheoneormorechamberseachcontainatleastoneandnomorethanone 

biomoleculeofthesamplewhereinterminatingloadingcomprisesremovingunbound 

35. Themethodofclaim34,furthercomprisingsubsequenttoterminatingloading, 

sequencingthesampleatleastinpartby: 

deliveringexcitationlighttotheoneormorechamberw 

obtainingsignalsemittedfromtheoneormorechambersinresponsetotheexcitation 

light~and 

identifyingoneormorebiomoleculesofthesamplebasedonthesignals.  

36. Themethodofanyoneofclaims21-35,whereineachoftheoneormorereferencedye 

moleculeswhenattachedtotherespectivebiomoleculeisseparatedfromtherespective 

biomoleculebyatleast1nm.  

43 
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37. Themethodofanyoneofclaims21-36,whereintherespectivebiomoleculeisoneofa 

peptideoranucleicacid.  

38. Themethodofanyoneofclaims21- 37, whereintheoneormorereferencedye 

moleculesarecovalentlylinkedtotherespectivebiomolecule.  

393 Themethodofanyoneofclaims21- 38, whereintheoneormorereferencedye 

moleculesarenon-covalentlylinkedtotherespectivebiomolecule.  

40. Themethodofanyoneofclaims21-39,whereintheoneormorereferencedye 

moleculesareboundtoarespectivesecondarybiomoleculeandtherespectivesecondary 

biomoleculeisattachedtotherespectivebiomoleculesofthesample.  

41. Themethodofclaim40,whereintherespectivesecondarybiomoleculecomprisesan 

oligonucleotide.  

42. Themethodofclaim40,whereintherespectivesecondarybiomoleculecomprisesanN

terminalaminoacidrecognizer.  

43. Themethodofclaim40,whereintherespectivesecondarybiomoleculereversiblybinds 

totherespectivebiomolecule.  

pulsingpatternsuchthatarespectivereferencedyemoleculeoftheoneormorereferencedye 

moleculesemitsemissionlightonlywhenboundtotherespectivebiomolecule.  

45. Themethodofclaim44,whereinthemeasureofquantitativeloadingofthesample 

compnsesanumberofbiomoleculesboundtothesurfaceofthechamberandthemethodfurther 

comprisesdeterminingthenumberofbiomoleculesinthechamberbasedonthepulsingpattern 

oftheoneormorereferencedyemolecules.  

46. Themethodofanyoneofclaims21-45,whereinatleastsomeoftheoneormore 

referencedyemoleculesareattachedtoarespectivelinkertowhichtherespectivebiomolecule 

isboundwhereintherespectivelinkerisboundtothesurfaceofthechamber.  
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47. Anintegrateddeviceconfiguredtodetermineameasureofquantitativeloadingofa 

sampletheintegrateddevicecomprising: 

atleastonechamberforreceivingoneormorereferencedyemoleculesthatduring 

excitationoftheoneormorereferencedyemoleculeswithexcitationlightdeliveredfromat 

leastoneexcitationsourceareattachedtorespectivebiomoleculesofthesampletherespective 

biomoleculesbeingboundtoasurfaceoftheatleastonechamber 

atleastonephotodetectionregionforreceivingasignalemittedbytheoneormore 

referencedyemoleculesinresponsetotheexcitationlightfromtheatleastoneexcitation 

sourceand 

atleastonecontrollerconfiguredtodeterminebasedonthesignalemittedbytheoneor 

morereferencedyemoleculesthemeasureofquantitativeloadingofthesample.  

48. Theintegrateddeviceofclaim47,whereinthesignalexpressesanintensityoflight 

emittedbytheoneormorereferencedyemoleculesoveraperiodoftime.  

49. Theintegrateddeviceofanyoneofclaims47-48,whereintheatleastonecontrolleris 

configuredtocontroltheatleastoneexcitationsourcetodelivertheexcitationlighttotheat 

leastonechamberatleastuntiltheoneormorereferencedyemoleculesphotobleach.  

50. Theintegrateddeviceofclaim49,whereintheatleastonecontrollerisconfiguredto 

determineanumberofphotobleachingstepsinthesignalemittedbytheoneormorereference 

chamberbasedonthenumberofphotobleachingsteps.  

S1. Theintegrateddeviceofanyoneofclaims47-50,whereinthemeasureofquantitative 

loadingofthesamplecomprisesanumberoftherespectivebiomoleculesboundtoasurfaceofa 

singlechamberoftheatleastonechamber.  

52. Theintegrateddeviceofanyoneofclaims47-51, whereinthemeasureofquantitative 

loadingofthesamplecomprisesapercentageofchambersoftheatleastonechamber 

containingasinglebiomoleculeofthesampleboundtoasurfaceofarespectivechamberofthe 

atleastonechamber.  

53. Theintegrateddeviceofanyoneofclaims47-52,whereintheatleastonecontrolleris 

furtherconfiguredtodetermineusingthemeasureofquantitativeloadingwhenanoptimal 
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numberofchambersoftheatleastonechambereachcontainatleastoneandnomorethanone 

biomoleculeboundtoasurfaceofarespectivechamberoftheatleastonechamber.  

54. Theintegrateddeviceofanyoneofclaims47-53,whereintheatleastonecontrolleris 

furtherconfiguredtoidentifytherespectivebiomoleculebasedonthesignal.  

55. Theintegrateddeviceofanyoneofclaims47-54,whereintherespectivebiomoleculeis 

oneofapeptideoranucleicacid.  

56. Theintegrateddeviceofanyoneofclaims47-55,whereintheoneormorereferencedye 

moleculesarecovalentlylinkedtotherespectivebiomolecules.  

57. Theintegrateddeviceofanyoneofclaims47-55,whereintheoneormorereferencedye 

moleculesarenon-covalentlylinkedtotherespectivebiomolecule.  

58. Theintegrateddeviceofanyoneofclaims47-56,whereintheoneormorereferencedye 

moleculesareboundtoarespectivesecondarybiomoleculeandtherespectivesecondary 

biomoleculeisattachedtotherespectivebiomoleculesofthesample.  

59. Theintegrateddeviceofclaim58,whereintherespectivesecondarybiomolecule 

compnsesanoligonucleotide.  

60. Theintegrateddeviceofclaim58,whereintherespectivesecondarybiomolecule 

61. Theintegrateddeviceofclaim58,whereintherespectivesecondarybiomolecule 

reversiblybindstotherespectivebiomolecule.  

62. Amethodfordeterminingameasureofquantitativeloadingofasampleinanintegrated 

devicethemethodcomprising.  

excitingwithlightfromatleastoneexcitationsourceoneormorereferencedye 

moleculestheoneormorereferencedyemoleculesbeingattachedtorespectivesecondary 

biomoleculeswhichreversiblybindstorespectivebiomoleculesofthesampletherespective 

biomoleculesbeingboundtoasurfaceofachamberofapluralityofchambersoftheintegrated 

device, 

obtainingasignalemittedbytheoneormorereferencedyemoleculesinresponsetothe 

excitationlight~ 
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determiningapulsingpatternoftheoneormorereferencedyemoleculesand 

determiningthemeasureofquantitativeloadingofthesamplebasedonthepulsing 

patternoftheoneormorereferencedyemolecules.  

63. Themethodofclaim62,wherein: 

therespectivesecondarybiomoleculesbindstotherespectivebiomoleculesofthe 

sampleonceperpulsingperiod~ 

thepulsingpatterncomprisesoneormorepulsesornopulsesand 

themeasureofquantitativeloadingisdeterminedbasedonanumberoftheoneormore 

pulsesreceivedduringapulsingperiod.  

64. Themethodofanyoneofclaims62-63,whereintherespectivesecondarybiomolecules 

compriseoligonucleotides.  

65. Themethodofanyoneofclaims62-64,whereintherespectivesecondarybiomolecules 

compriseanN-terminalaminoacidrecognizers.  

66. Themethodofclaim63,whereinthemeasureofquantitativeloadingofthesample 

compnsesanumberoftherespectivebiomoleculesofthesampleboundtothesurfaceofthe 

chamber.  

samplecompriseswhenthenopulsesarepresentinthepulsingpatterndeterminingthatthe 

chambercontainsnobiomolecules.  

68. Themethodofanyoneofclaims62-67,whereinthesignalexpressesanintensityoflight 

emittedbytheoneormorereferencedyemoleculesoveraperiodoftime.  

69. Themethodofanyoneofclaims62-68,whereintheexcitingtheoneormorereference 

dyemoleculescomprisesphotobleachingtheoneormorereferencedyemolecules.  

70. Themethodofclaim69,furthercomprisingdetermininganumberofphotobleaching 

stepsinthesignalemittedbytheoneormorereferencedyemoleculesanddetermininga 

numberofrespectivebiomoleculesthatareboundtothesurfaceofthechamberbasedonthe 

numberofphotobleachingsteps.  
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67. Themethodofclaim66,whereindeterminingthemeasureofquantitativeloadingofthe
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71. Themethodofanyoneofclaims62-70,whereinthemeasureofquantitativeloadingof 

thesamplecomprisesanumberoftherespectivebiomoleculesboundtoasurfaceofasingle 

chamberoftheoneormorechambers.  

72. Themethodofanyoneofclaims62-71, whereinthemeasureofquantitativeloadingof 

thesamplecomprisesapercentageoftheoneormorechamberscontainingasinglebiomolecule 

ofthesampleboundtoasurfaceofarespectiveoneoftheoneormorechambers.  

733 Themethodofanyoneofclaims62-72,furthercomprisingoptimizingoperationofthe 

integrateddevicebasedonthemeasureofquantitativeloading.  

74. Themethodofclaim73,whereinoptimizingoperationoftheintegrateddevicebasedon 

themeasureofquantitativeloadingcomprisesadjustinghowloadingofthesampleontothe 

integrateddeviceisperformed.  

75. Themethodofclaim74,whereinadjustinghowloadingofthesampleontothe 
S 

integrateddeviceisperformedcompnsesadjustingaconcentrationofbiomoleculesinthe 

sample.  

76. Themethodofclaim74,whereinadjustinghowloadingofthesampleisperformed 

comprisesadjustinghowloadingofthesampleisperformedtomaximizeanumberoftheoneor 

77. Themethodofclaim74,whereinoptimizingoperationoftheintegrateddevicebasedon 

themeasureofquantitativeloadingcomprisesexcludingsignalsfromatleastsomeoftheoneor 
S 

morechambersfromsubsequentanalysis.  

78. Themethodofanyoneofclaims62-77,furthercomprisingreloadingtheoneormore 

chamberswithadditionalsampleuntilanoptimalnumberoftheoneormorechamberseach 

containatleastoneandnomorethanonebiomoleculeboundtoasurfaceofarespectiveoneof 

theoneormorechambers.  

79. Themethodofclaim78,furthercomprisingusingthemeasureofquantitativeloadingto 

determinewhentheoptimalnumberoftheoneormorechamberseachcontainatleastoneand 

nomorethanonebiomoleculeboundtoasurfaceofarespectiveoneoftheoneormore 

chambers.  
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80. Themethodofclaim78,furthercomprisingterminatingloadingwhentheoptimal 

numberoftheoneormorechamberseachcontainatleastoneandnomorethanone 

biomoleculeofthesamplewhereinterminatingloadingcomprisesremovingunbound 

biomoleculesfromtheintegrateddevice.  

S1. Themethodofclaim80,furthercomprisingsubsequenttoterminatingloading, 

sequencingthesampleatleastinpartby: 

deliveringexcitationlighttotheoneormorechamberw 

obtainingsignalsemittedfromtheoneormorechambersinresponsetotheexcitation 

light~and 
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identifyingoneormorebiomoleculesofthesamplebasedonthesignals.
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